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Abstract!
This!project!proposes!an!erosion!plan!for!Plymouth!Long!Beach,!in!Plymouth!
Massachusetts.!This!was!accomplished!through!three!main!steps:!research,!visitation!and!
observation,!and!interviews.!Duxbury!beach!was!used!as!an!example!due!to!its!similarity!to!
Plymouth!Long!Beach!and!successful!beach!mitigation.!As!a!result!of!our!observations,!we!
developed!an!ideal!plan!to!prevent!erosion!at!Plymouth!Long!Beach.!! !
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Executive!Summary!
Plymouth!Long!Beach!in!Plymouth,!Massachusetts!is!a!barrier!beach,!which!protects!
Plymouth!Harbor.!The!beach!takes!the!brunt!of!major!storms!that!come!through!the!South!
Shore.!Locals,!tourists,!and!endangered!Piping!Plovers!utilize!the!beach.!The!beach!has!been!
experiencing!severe!erosion!and!needs!to!enact!a!mitigation!plan!before!the!beach!is!
completely!destroyed.!!
The!ultimate!goal!of!this!project!was!to!present!the!Department!of!Marine!and!
Environmental!Affairs!of!Plymouth,!MA!with!an!erosion!mitigation!plan.!The!team!was!told!to!
focus!on!the!area!surrounding!Warren’s!Cove!on!the!southern!end!of!the!beach.!Before!the!
team!could!create!a!plan,!we!had!to!increase!our!knowledge!on!the!topic.!This!was!
accomplished!by!extensive!research!on!the!topic!of!erosion!including!the!different!types!and!
why!erosion!happens.!The!history!of!Plymouth!Long!Beach!was!also!researched.!Previous!
attempts!at!controlling!erosion!were!studied!along!with!possible!new!approaches.!The!effects!
of!each!of!these!solutions!was!explored!including!both!the!positive!and!negative.!!!
After!researching!erosion!and!Plymouth!Long!Beach,!the!team!had!enough!knowledge!
to!visit!the!beach!and!speak!with!sponsors!David!Gould!and!Kerin!McCall.!The!team!observed!
Plymouth!Long!Beach!and!its!troubled!areas.!Pictures!and!videos!were!taken,!and!interviews!
were!conducted.!Offshore!breakwaters!and!offshore!coral!reefs!were!a!few!concepts!that!were!
considered!as!solutions.!However,!while!observing!the!beach,!we!noticed!the!existing!hard!
structures!ultimately!hurt!the!beach!more!than!they!helped!it.!These!structures!included:!a!
dike,!seawall,!and!groin!field.!After!our!meeting!at!Plymouth,!the!team!decided!to!take!a!
different!approach!on!the!project.!!
! iv!
The!team!visited!Duxbury!Beach!in!Duxbury,!MA.!Duxbury!Beach!is!located!across!the!
bay!from!Plymouth!and!has!a!beautifully!engineered!beach!that!is!extremely!well!maintained.!
The!team!visited!the!beach!and!received!a!guided!tour!from!the!Beach!Manager.!The!primary!
way!Duxbury!Beach!mitigates!erosion!is!through!beach!nourishment!and!sacrificial!dunes.!
During!our!visit,!Duxbury!Beach!was!in!the!middle!of!constructing!a!new!dune!in!a!vulnerable!
place.!This!gave!us!the!opportunity!to!observe!the!process!of!the!construction!including!the!
people,!time,!materials,!and!funding.!!
Because!of!its!similarity!to!Plymouth!Long!Beach,!we!decided!to!use!Duxbury!Beach!as!
an!example!to!mitigate!erosion.!The!team!decided!to!focus!on!three!main!issues:!terrain,!
maintenance,!and!beach!usage.!Terrain!includes!the!shape,!size,!orientation,!grain!size,!and!
location!of!the!beach.!Terrain!affects!erosion,!maintenance,!and!beach!usage.!Maintenance!is!
any!construction!or!work!that!occurs!on!the!beach.!This!affects!erosion!because!any!structure!
put!into!place!on!the!beach!needs!to!be!maintained.!Beach!usage!includes!the!activities!and!
interactions!of!the!population,!both!human!and!wildlife,!with!the!beach.!This!is!important!when!
dealing!with!the!planning!of!construction!or!maintenance.!After!observing!the!initial!conditions!
at!Plymouth!Long!Beach!and!the!current!state!of!Duxbury!Beach,!many!of!the!solutions!seen!at!
Duxbury!Beach!can!be!implemented!at!Plymouth!Long!Beach!to!mitigate!erosion.!!
Furthermore,!taking!into!account!the!terrain,!maintenance,!and!beach!usage!of!both!
Plymouth!Long!Beach!and!Duxbury!Beach,!an!ideal!set!of!recommendations!was!presented!to!
the!Department!of!Marine!and!Environmental!Affairs!in!Plymouth,!MA!to!mitigate!erosion.!The!
recommendations!were!based!on!our!research,!observations,!interviews,!and!the!comparison!
of!Plymouth!Long!Beach!and!Duxbury!Beach.!The!plan!consists!of!several!steps!to!help!mitigate!
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erosion,!and!the!entire!plan!needs!to!be!implemented!to!observe!the!best!results.!However,!
because!of!cost!and!time!the!beach!would!still!improve!if!only!a!few!recommendations!were!
implemented.!A!list!of!resources!needed!to!complete!the!recommendations!was!also!provided!
including!funding,!materials,!general!contractors,!construction!equipment,!volunteers,!and!
expertise!in!landscaping.!The!project!depends!on!funding,!property!lines,!and!permitting!to!
make!it!a!reality.!The!team!was!limited!to!the!observation!of!Duxbury!Beach!and!did!not!take!
into!consideration!other!beaches!within!the!area.!The!project!was!also!restricted!by!the!time!
frame!of!warm!weather,!which!limited!our!data!collection.!In!the!future,!we!would!like!to!see!
our!complete!project!plan!implemented!by!another!group.!With!these!recommendations,!
Plymouth!Long!Beach!can!prosper!for!years!to!come.!!
!
!
!
!
! !
! vi!
Table!of!Contents!
Abstract!..........................................................................................................................................................!!!
Authorship!.....................................................................................................................................................!i!
Acknowledgements!......................................................................................................................................!ii!
Executive!Summary!.....................................................................................................................................!iii!
List!of!Figures!...............................................................................................................................................!x!
List!of!Tables!...............................................................................................................................................!xiv!
1.0)Introduction!...........................................................................................................................................!1!
2.0)Background!............................................................................................................................................!3!
2.1)Dimensions)of)Erosion!.......................................................................................................................!3!
2.1.1!What!is!Beach!Erosion?!...............................................................................................................!4!
2.1.2!West!Coast!vs.!East!Coast!Beach!Erosion!....................................................................................!6!
2.2)East)Coast)Erosion!.............................................................................................................................!7!
2.2.1!New!England!...............................................................................................................................!8!
2.2.2!Massachusetts!...........................................................................................................................!20!
2.2.3!South!Shore!...............................................................................................................................!24!
2.3)Plymouth)Long)Beach)History!.........................................................................................................!31!
2.3.1!Aubrey!Report!Phase!I!...............................................................................................................!31!
2.3.2!Aubrey!Report!Phase!II!..............................................................................................................!35!
2.3.3!Environmental!Impact!Report!...................................................................................................!38!
2.4)Sponsor)Opinions!.............................................................................................................................!42!
! vii!
2.4.1!David!Gould!...............................................................................................................................!42!
2.4.2!Kerin!McCall!..............................................................................................................................!44!
2.5)Possible)Solutions)to)Consider!........................................................................................................!46!
2.5.1!Hard!Engineering!Structures!.....................................................................................................!46!
2.5.2!Soft!Engineering!Structures!.......................................................................................................!48!
2.5.3!Solution!Matrix!..........................................................................................................................!54!
2.5.4!Importance!of!Action!................................................................................................................!56!
3.0!Methodology!........................................................................................................................................!57!
3.1)Terrain!..............................................................................................................................................!57!
3.2)Maintenance!....................................................................................................................................!57!
3.3)Beach)Usage!.....................................................................................................................................!58!
4.0)Results!..................................................................................................................................................!60!
4.1)Terrain!..............................................................................................................................................!60!
4.1.1!Plymouth!Long!Beach!................................................................................................................!60!
4.1.2!Duxbury!Beach!..........................................................................................................................!61!
4.1.3!Implications!for!Plymouth!.........................................................................................................!61!
4.2)Maintenance!....................................................................................................................................!62!
4.2.1!Plymouth!Long!Beach!................................................................................................................!62!
4.2.2!Duxbury!.....................................................................................................................................!62!
4.2.3!Implications!for!Plymouth!.........................................................................................................!64!
! viii!
4.3)Beach)Usage!.....................................................................................................................................!64!
4.3.1!Plymouth!Long!Beach!................................................................................................................!65!
4.3.2!Duxbury!Beach!..........................................................................................................................!65!
4.3.3!Implications!for!Plymouth!.........................................................................................................!65!
4.4)Summary!..........................................................................................................................................!66!
5.0)Recommendations!...............................................................................................................................!67!
5.1)Terrain!..............................................................................................................................................!67!
5.1.1!Grain!Size!...................................................................................................................................!67!
5.1.2!Location!of!Dune!.......................................................................................................................!67!
5.1.3!Location!of!Entrance!.................................................................................................................!67!
5.2)Maintenance!....................................................................................................................................!68!
5.2.1!Removal!of!Seawall!and!Groin!Field!..........................................................................................!68!
5.2.2!Reconstruction!of!Eel!River!.......................................................................................................!68!
5.2.3!Reconstruction!of!Beach!Road!and!Parking!Lot!........................................................................!69!
5.2.4!Dune!Construction!....................................................................................................................!69!
5.3)Beach)Usage!.....................................................................................................................................!70!
5.4)Resources!.........................................................................................................................................!70!
5.5)Project)Challenges!...........................................................................................................................!71!
5.5.1!Property!Lines!and!Permitting!...................................................................................................!72!
5.5.2!Funding!......................................................................................................................................!72!
! ix!
5.5.3!Vegetation!Experimentation!.....................................................................................................!73!
5.6)Limitations!.......................................................................................................................................!73!
5.7)Proposed)Future)IQP!.......................................................................................................................!74!
5.8)Conclusion!........................................................................................................................................!74!
6.0)Bibliography!.........................................................................................................................................!75!
Appendix!....................................................................................................................................................!77!
Appendix)A:)Glossary!............................................................................................................................!77!
Appendix!B:!Methodology!Steps!............................................................................................................!80!
Appendix)C:)Plymouth)Photos!...............................................................................................................!82!
Terrain!................................................................................................................................................!82!
Maintenance!......................................................................................................................................!83!
Appendix)D:)Duxbury!............................................................................................................................!86!
Terrain!................................................................................................................................................!86!
Maintenance!......................................................................................................................................!87!
Appendix)E:)Maps!..................................................................................................................................!93!
!
! !
! x!
List!of!Figures!
Figure!1:!The!New!England!coastline,!Source:!www.maps.com!..................................................................!9!
Figure!2:!Dune!erosion!during!the!winter.!(University!of!Maine,!2013)!....................................................!10!
Figure!3:!Dune!erosion!during!the!summer.!(University!of!Maine,!2013)!.................................................!11!
Figure!4:!Comparison!of!the!dunes!between!summer!beach,!winter!beach,!and!storm!erosion.!
(University!of!Maine,!2013)!........................................................................................................................!12!
Figure!5:!LongS!term!erosion!(University!of!Maine,!2013)!.........................................................................!12!
Figure!6:!(University!of!Maine,!2013)!.........................................................................................................!13!
Figure!7:!(University!of!Maine,!2013)!.........................................................................................................!14!
Figure!8:!Matunuck,!Rhode!Island!(University!of!Rhode!Island,!2009)!......................................................!16!
Figure!9:!Threat!high!waves!have!on!the!homes!of!Matunuck.!(Bidgood,!2012)!.......................................!17!
Figure!10:!Aerial!view!of!the!Matunuck!Beach!Road!(Google!Maps,!2013)!...............................................!17!
Figure!11:!This!shows!the!division!between!the!North!Shore!and!the!South!Shore!..................................!20!
Figure!12:!This!image!shows!the!sea!wall!at!Winthrop!Beach!(S.!A.!Rosenberg,!2013)!.............................!21!
Figure!13:!Singing!beach!after!winter!2013!(Niedzinski,!2013)!..................................................................!22!
Figure!14:!Crane!Beach!after!winter!storms!of!2013!(Kuhn,!2013)!............................................................!23!
Figure!15:!Long!shore!Sediment!Transport!................................................................................................!25!
Figure!16:!An!aerial!view!of!Plymouth!Long!Beach!and!Duxbury!Beach!from!Google!Maps!.....................!26!
Figure!17:!Over!wash!section,!Duxbury!Beach!after!1991!Halloween!Nor’easter!(Woods!Hole!
Oceanographic!Institution,!2002)!...............................................................................................................!28!
Figure!18:!Effects!of!Offshore!Breakwaters!(Sane,!2007)!..........................................................................!47!
Figure!19:!Effects!of!Seawalls.!As!shown!there!is!a!very!negative!effect!on!shorelines!when!utilizing!
seawalls!(Linham).!More!erosion!occurs!than!the!amount!it!is!protecting.!...............................................!48!
! xi!
Figure!20:!Sand!Dune!Fencing.!As!scene!in!the!figure,!sand!dune!fences!accrete!sand!behind!them!to!
decrease!the!amount!of!erosion!that!is!occurring!(Wallingford,!2000).!Also,!as!scene!in!the!figure,!the!
walkway!to!the!beach!from!the!far!side!of!the!dune!is!not!straight!in!order!to!cure!the!wind!erosion!
issues.!.........................................................................................................................................................!51!
Figure!21:!Geotextile!Structure!(Akson,!2012)!...........................................................................................!51!
Figure!22:!Artificial!Reefs!(Akson,!2012)!....................................................................................................!52!
Figure!23:!Hydraulic!Piling!(Akson,!2012)!...................................................................................................!52!
Figure!24:!!Draining!Beaches!(Akson,!2012)!...............................................................................................!52!
Figure!25:!BySpassing!(Akson,!2012)!..........................................................................................................!53!
Figure!26:!Beach!Nourishment,!sea!grass!is!planted!approximately!3!feet!apart!so!it!can!grow!and!leaves!
enough!room!for!endangered!birds!to!build!their!habitat!(Akson,!2012)!..................................................!53!
Figure!27:!Beach!Nourishment,!construction!equipment!is!used!to!move!large!piles!of!sand!on!the!beach!
to!create!dunes!to!block!waves!during!storms!(Akson,!2012)!...................................................................!54!
Figure!28:!Methodology!Time!Frame!.........................................................................................................!59!
Figure!29:!Property!Line!.............................................................................................................................!72!
Figure!30:!Seawall!......................................................................................................................................!82!
Figure!31:!Seawall!......................................................................................................................................!82!
Figure!32:!groin!..........................................................................................................................................!82!
Figure!33:Eel!River!......................................................................................................................................!83!
Figure!34:!Storm!Damage!...........................................................................................................................!83!
Figure!35:!Storm!Damage!...........................................................................................................................!83!
Figure!36:!Dredging!the!Eel!River!...............................................................................................................!83!
Figure!37:!Dredging!the!Eel!River!...............................................................................................................!84!
Figure!38:!Dredging!the!Eel!River!...............................................................................................................!84!
! xii!
Figure!39:!Dredging!the!Eel!River!...............................................................................................................!84!
Figure!40:!Dredging!the!Eel!River!...............................................................................................................!84!
Figure!41:!Storm!Damage!...........................................................................................................................!85!
Figure!42:!Storm!Damage!...........................................................................................................................!85!
Figure!43:!Flooding!.....................................................................................................................................!85!
Figure!44:!Large!grain!size!..........................................................................................................................!86!
Figure!45:!Large!grain!size!..........................................................................................................................!86!
Figure!46:!Large!grain!size!..........................................................................................................................!86!
Figure!47:!Sand!fencing!..............................................................................................................................!86!
Figure!48:!Sand!fencing!..............................................................................................................................!87!
Figure!49:!Zigzag!sand!fencing!...................................................................................................................!87!
Figure!50:!Seaside!Dune!.............................................................................................................................!87!
Figure!51:!Roadside!Dune!..........................................................................................................................!87!
Figure!52:!Woody!shrubs!...........................................................................................................................!88!
Figure!53:!Beach!grass!................................................................................................................................!88!
Figure!54:!Beach!grass!................................................................................................................................!88!
Figure!55:!Woody!shrubs!at!dune!base!......................................................................................................!89!
Figure!56:!Woody!shrubs!at!dune!base!......................................................................................................!89!
Figure!57:!Woody!shrubs!at!dune!base!......................................................................................................!89!
Figure!58:!Newly!planted!beach!grass!.......................................................................................................!90!
Figure!59:!Newly!planted!beach!grass!.......................................................................................................!90!
Figure!60:!Newly!planted!beach!grass!.......................................................................................................!90!
Figure!61:!Road!construction!.....................................................................................................................!90!
Figure!62:!Road!construction!.....................................................................................................................!91!
! xiii!
Figure!63:!Road!construction!.....................................................................................................................!91!
Figure!64:!Completed!Dune!.......................................................................................................................!91!
Figure!65:!Completed!Dune!.......................................................................................................................!92!
Figure!66:!Completed!Dune!.......................................................................................................................!92!
Figure!67:!Beach!Comparison!.....................................................................................................................!93!
Figure!68:!Identifications!............................................................................................................................!93!
Figure!69:!Final!Recommendation!.............................................................................................................!94!
!
! !
! xiv!
List!of!Tables!
Table!1:!Hard!and!Soft!Structures!..............................................................................................................!56!
! 1!
1.0)Introduction)
Beach!erosion!affects!every!coastline!in!the!world,!whether!it’s!withering!away!at!the!
shoreline!or!depositing!eroded!sediment.!Sediment!is!constantly!in!motion!and!the!world’s!
shorelines!are!continually!changing.!Winds,!waves,!currents,!tides!and!many!other!factors!can!
have!a!substantial!effect!on!erosion.!Erosion!is!a!serious!problem!for!many!beaches.!The!real!
problem!presents!itself!when!sediment!is!transported!away!from!the!beach!and!no!new!sand!is!
being!deposited!onto!the!beach.!Plymouth!(MA)!Long!Beach!is!facing!this!problem.!
Plymouth!Long!Beach!is!a!resource!for!the!town!in!many!ways.!It!is!a!barrier!beach,!
which!protects!Plymouth!Harbor.!The!beach!acts!as!a!shelter!taking!the!brunt!of!major!storms,!
abating!and!diminishing!the!associated!waves.!Many!tourists!and!locals!visit!the!beach!each!
year.!It!is!also!home!to!many!endangered!species!of!birds!that!nest!on!the!beach!in!the!spring!
and!summer!months.!Plymouth!Long!Beach!is!ideal!for!the!nesting!birds!due!to!its!shape,!
location!and!the!limited!number!of!predators.!!!
The!road!that!runs!adjacent!to!the!beach,!Route!3A,!is!an!evacuation!route!for!South!
Plymouth.!This!road!needs!to!be!accessible!and!reliable!in!case!of!an!emergency!at!the!nearby!
Pilgrim!Nuclear!Power!Plant.!However,!many!times!during!an!intense!storm,!the!seawall!is!
breached.!Elevated!water!levels!from!storm!surges!and!strong!winds!cause!most!of!the!debris,!
along!with!sand!and!rocks,!to!be!hurled!into!the!road.!This!makes!the!road!inaccessible!and!can!
cause!an!extreme!public!safety!hazard!for!the!town!of!Plymouth.!!
If!erosion!on!Plymouth!Long!Beach!is!not!mitigated,!the!number!of!wash!overs!will!
rapidly!increase!along!with!a!large!possibility!of!an!actual!breach!to!the!beach.!If!the!beach!can!
no!longer!sustain!itself!the!harbor!will!also!lose!its!protection!and!waves!will!pummel!the!
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harbor,!potentially!causing!damage.!Warren’s!Cove!will!no!longer!have!any!sand!cover;!only!
rocks!and!boulders!will!be!left.!Endangered!birds!will!no!longer!have!protected!dunes!or!sandy!
beaches!to!nest!in,!leaving!them!stranded.!Along!with!the!endangered!species!being!affected!by!
this!erosion,!there!are!also!private!properties!and!cottages!that!have!been!greatly!impacted!by!
previous!storms.!Sawyer’s!Cottage!is!the!hardest!hit!property!in!the!area!resulting!in!extremely!
expensive!repairs!to!fix!the!erosion!damage.!
To!help!reduce!erosion!on!Plymouth!Long!Beach!the!goal!of!this!project!was!to!provide!
the!Department!of!Marine!and!Environmental!Affairs!in!Plymouth!with!an!erosion!plan.!!The!
focus!was!on!the!undernourished!southern!end!of!the!beach,!Warren’s!Cove.!The!plan!included!
an!ideal!solution!to!mitigate!erosion,!which!was!described!in!detail.!To!achieve!this!plan!the!
team!researched!beach!erosion!as!it!pertains!to!the!specific!geographic!landscape!of!the!beach.!
The!team!also!researched!current!solutions!for!beach!erosion!on!similar!beaches!throughout!
the!East!Coast,!primarily!in!Massachusetts.!The!team!researched!previous!strategies!that!had!
been!implemented!to!prevent!erosion!on!Plymouth!Long!Beach,!and!the!effects!of!these!
solutions.!All!information!was!taken!into!account!when!the!erosion!plan!was!developed.!
! !
! 3!
2.0)Background)
In!order!to!create!effective!beach!erosion!solutions!for!Plymouth!Long!Beach,!
understanding!the!causes!of!beach!erosion!along!a!barrier!beach!was!necessary.!Previous!
studies!performed!by!Aubrey!Consultation!Inc.!and!Applied!Coastal!Research!and!Engineering!
Inc.!included!the!study!of!waves,!storm!surges,!tides,!wind!action!and!seaSlevel!rise.!These!two!
studies!also!reviewed!manSmade!structures!including!groins!and!revetments!(American!Shore!
and!Beach!Preservation!Association,!2013;!Aubrey!Consulting,!1994a,!1994b).!!
This!study!focused!on!the!causes!and!effects!of!beach!erosion!along!with!hard!and!soft!
engineering!structures!that!mitigate!erosion.!The!group!spoke!to!many!local!and!nonSlocal!
sources!in!order!to!gain!a!maximum!amount!of!research!and!the!best!possible!solution!to!the!
problem!as!previously!stated.!
2.1)Dimensions)of)Erosion)
Erosion!is!the!removal!of!surface!material!from!the!Earth’s!crust,!primarily!soil!and!rock!
debris,!and!the!transportation!of!the!eroded!materials!by!natural!agencies!from!the!point!of!
removal.!To!expand!further!on!the!topic!of!erosion,!the!classifications!of!erosion!are!as!
followed;!wind!action!and!fluvial,!marine!or!glacier!processes!(Aubrey!Consulting,!1994b;!
Britannica,!2013;!Rosenberg,!2013).!Out!of!all!of!the!erosion!processes!that!occur,!the!most!
common!form!of!natural!erosion!is!moving!water,!which!is!caused!by!marine!processes!
(Britannica,!2013;!Rosenberg,!2013).!Erosion!can!also!be!classified!as!the!weathering!of!rocks.!
This!occurs!when!rocks!break!down!so!they!can!be!carried!away.!This!can!occur!by!many!ways,!
“Water,!wind,!ice!and!waves!are!the!agents!of!erosion!that!wear!away!at!the!surface!of!the!
! 4!
earth”!(Britannica,!2013;!Rosenberg,!2013).!For!this!project,!the!effects!of!wind!action!and!
marine!processes!were!examined.!Wind!action,!although!commonly!occurs!in!desserts,!still!has!
a!large!effect!on!the!movement!of!beach!sand!and!the!formation!of!sand!dunes!(Aubrey!
Consulting,!1994b;!Rosenberg,!2013).!In!this!research!we!explained!this!particular!process!and!
how!it!can!be!utilized!as!an!advantage!if!properly!maintained.!Marine!processes!can!be!broken!
down!into!wave!and!water!processes.!Although!both!processes!utilize!water!as!a!main!source!of!
erosion,!the!effects!and!impacts!are!substantially!different!depending!on!where!the!processes!
occur.!Water!erosion!is!the!most!important!form!of!erosion.!Water!erosion!primarily!occurs!in!
streams!and!on!embankments!while!wave!erosion!occurs!in!oceans,!seas,!and!other!large!
bodies!of!water.!This!directly!effects!coastal!erosion!(Aubrey!Consulting,!1994a,!1994b;!
Berman,!2011;!Rosenberg,!2013).!Plymouth!Long!Beach!not!only!has!a!large!wave!erosion!
problem,!but!it!also!has!both!wind!and!water!erosion!because!it!is!a!barrier!beach!with!a!local!
river!running!adjacent!to!the!shoreline!(Aubrey!Consulting,!1994a).!!
2.1.1!What!is!Beach!Erosion?!!
! Beach!erosion!is!the!process!in!which!the!hydraulic!pressure!of!sea!waves!impacts!the!
shoreline.!Beach!erosion!is!in!direct!correlation!to!the!rise!in!sea!levels!and!the!storm!surges!
around!the!world.!Most!beach!erosion!is!not!from!natural!occurrences,!but!caused!by!manS
made!structures!that!hinder!the!natural!movement!of!sediment!down!shore.!This!causes!
beaches!down!shore!to!become!undernourished.!Many!manSmade!structures!that!a!person!
may!view!as!a!solution!to!beach!erosion!actually!increase!the!issue!of!beach!erosion!(American!
Shore!and!Beach!Preservation!Association,!2013;!Aubrey!Consulting,!1994a,!1994b;!Berman,!
2011).!!
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In!order!for!the!coast!to!erode,!the!sources!of!sand!and!the!sinks!of!sand!must!be!
unbalanced.!Sources!of!sand!include!long!shore!sand!transportation,!cliff!erosion,!stream!or!
river!input,!onshore!sand!transport,!biogenous!or!hydrogenous!sediments!(shells,!coral,!etc.),!
beach!nourishment!and!windborne!sediments.!Sinks!of!sand!include!long!shore!sand!transport!
out!of!a!region,!offshore!sand!transport!(including!submarine!canyons),!sand!mining!(for!beach!
nourishment),!windblown!transport!into!dunes,!transport!by!over!wash,!and!loss!into!estuaries!
or!lagoons!(via!tidal!inlets).!If!a!system!at!equilibrium!loses!a!source!of!sand,!or!if!a!new!sink!is!
produced,!erosion!will!most!likely!result!(Aubrey!Consulting,!1994a;!Woods!Hole!Oceanographic!
Institution,!2011).!On!the!other!hand,!if!a!system!is!at!equilibrium!and!a!new!source!is!
produced,!or!a!sink!is!eliminated,!accretion!will!begin!to!occur!(Aubrey!Consulting,!1994b;!
Berman,!2011;!Woods!Hole!Oceanographic!Institution,!2011).!
There!are!two!main!types!of!sand!transportation!in!the!near!shore!region!of!a!beach:!
onshore/offshore!transport!and!long!shore!transport.!Onshore/offshore!transport!is!when!
sediment!flows!between!the!near!shore!regions!of!a!beach!and!farther!offshore!regions.!It!
normally!occurs!on!a!seasonal!basis,!eroding!to!offshore!locations!with!winter!storms!and!
accumulating!in!the!near!shore!regions!in!the!calmer!summer!months!(Aubrey!Consulting,!
1994a;!Department!of!Energy!and!Environmental!Protection,!2013;!Woods!Hole!Oceanographic!
Institution,!2011).!Long!shore!transport!is!when!sediment!flows!parallel!to!the!beach!and!is!
caused!by!the!angle!of!the!waves!crashing!onto!shore.!It!moves!the!sediment!with!the!wave’s!
advances,!only!occurring!in!shallow!regions!and!is!generally!confined!within!the!breaker!zone!
(where!waves!break).!Long!shore!transport!may!occur!when!onshore/offshore!transportation!
does!not.!Transportation!of!sediment!parallel!to!shore!and!beyond!the!breaker!zone!may!occur!
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because!of!tidal!or!other!currents,!but!is!not!considered!long!shore!transport!(Aubrey!
Consulting,!1994a,!1994b).!
Waves!mostly!cause!long!shore!transport!but!not!onshore/offshore!transport!unless!
there!is!a!current!present.!This!is!because!of!the!back!and!forth!motion!of!the!waves!crashing!
and!receding.!Currents!primarily!move!sand!parallel!to!the!beach!in!shallow!water!unless!there!
is!a!rip!current!or!tidal!inlet.!The!waves!stir!the!sand!from!the!ocean!bottom,!which!allows!the!
currents!to!move!the!sand.!Most!sand!transport!is!seasonal!(Aubrey!Consulting,!1994a,!1994b;!
Berman,!2011;!Gould,!2013;!Grady,!2013;!McCall,!2013;!Ramsey,!Kelley,!&!Ruthven,!2004).!!
Tides!can!have!an!effect!on!beach!erosion!by!varying!the!width!of!the!active!part!of!the!
beach.!Tidal!currents!can!also!affect!sediment!movement.!The!larger!the!tidal!range,!the!larger!
the!area!that!the!activity!is!spread!out!over.!This!means!that!during!high!tide!more!of!the!beach!
is!involved!in!sand!transport,!while!at!low!tide!only!a!fraction!of!the!beach!is!involved!in!sand!
transport!(Aubrey!Consulting,!1994b;!Gould,!2013;!McCall,!2013).!
Wind!may!also!carry!sand!on!and!off!the!beach,!depending!on!wind!direction.!Winds!can!
build!dunes,!elevate!water!levels!or!cause!storm!surges!on!the!shoreline.!Strong!winds!coupled!
with!storm!surges!cause!a!large!amount!of!water!to!build!up!on!the!shoreline.!Elevated!water!
levels!are!a!major!factor!in!crossSshore!sediment!transport!and!often!generate!offshore!bars!
(Aubrey!Consulting,!1994b;!Berman,!2011;!Ramsey,!et!al.,!2004;!Woods!Hole!Oceanographic!
Institution,!2011).!!!
2.1.2!West!Coast!vs.!East!Coast!Beach!Erosion!!
Due!to!differences!between!East!Coast!and!West!Coast!beach!erosion,!a!plan!
implemented!on!one!coastline!may!not!be!the!best!plan!for!the!opposite!coastline.!On!the!West!
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Coast,!beaches!primarily!experience!erosion!caused!by!river!dam!blockages.!On!the!East!Coast,!
beach!erosion!primarily!occurs!in!relation!to!inlets!and!navigation!projects.!These!projects!tend!
to!have!a!large!impact!on!long!shore!sediment!movement.!One!common!trait!between!both!
coastlines,!East!and!West,!is!that!they!both!suffer!the!most!damage!from!storms!and!other!
natural!disasters!(American!Shore!and!Beach!Preservation!Association,!2013;!Department!of!
Energy!and!Environmental!Protection,!2013).!
2.2)East)Coast)Erosion))
On!October!29,!2012!Hurricane!Sandy!hit!the!East!Coast!of!the!United!States!with!winds!
of!80!miles!per!hour!(mph).!Due!to!the!full!moon!that!day,!the!ocean!tides!increased!at!high!
tide!by!20%,!which!strengthened!the!storm!surge!of!Sandy.!This!caused!this!hurricane!to!be!the!
costliest!natural!disaster!in!the!United!States!to!date.!Using!Hurricane!Sandy!as!the!most!recent!
example!for!beach!erosion!solutions,!one!can!see!the!best!approaches!from!taking!a!destroyed!
seacoast!and!turning!it!back!into!a!beautiful!outdoor!play!area!(Sharp,!2012).!Some!effects!of!
the!hurricane!were!seen!not!only!on!the!beaches,!but!also!stretched!to!the!investments!of!the!
civilians.!Due!to!the!horrific!destruction!of!this!hurricane,!it!had!taken!a!large!toll!on!many!
insurance!companies!throughout!the!East.!Tens!of!millions!of!dollars!have!been!spent!to!rebuild!
in!the!aftermath!of!this!storm!including:!the!rebuilding!of!boardwalks,!scenery,!oceanfront!
attractions!and!homes!(Parry,!2013).!As!of!September!30,!2013,!$3.5!billion!from!the!National!
Flood!Insurance!Program!was!spent!on!New!Jersey!alone!(Parry,!2013).!Providing!our!sponsors!
with!an!intricate!solution!will!decrease!local!flood!insurance!(Department!of!Energy!and!
Environmental!Protection,!2013;!Dunes,!2011;!Gould,!2013;!Grady,!2013;!Parry,!2013;!Sharp,!
2012).!
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2.2.1!New!England!
According!to!a!U.S.!Geological!Survey!report,!68%!of!beaches!in!New!England!are!
eroding!(Soos,!2011).!After!studying!650!miles!of!New!England!coasts,!scientists!found!the!
average!rate!of!coastal!change!was!negative!1.6!feet!per!year.!Most!of!the!coastal!erosion!that!
happens!in!New!England!is!caused!from!winter!storms!and!hurricanes.!Sand!from!the!beach!
submerges!to!form!storm!bars!offshore!that!protect!the!beach.!Smaller!waves!then!return!the!
sand!from!the!storm!bars!back!to!the!beach!during!calmer!weather.!This!process!is!called!
accretion,!and!shows!that!some!erosion!is!part!of!a!natural!cycle.!However,!with!the!number!
and!severity!of!storms!that!hit!New!England,!the!beaches!do!not!have!enough!time!to!replenish!
themselves!before!the!next!storm!hits.!Also,!many!beaches!do!not!have!enough!sand!to!
replenish!themselves!after!these!storms!causing!them!to!not!fully!recover!(Dougherty,!
FitzGerald,!&!Buynevich,!2004;!Kelley,!2004;!Proft,!2012;!Soos,!2011).!!
Erosion!in!New!England!is!also!caused!by!human!activity.!Humans!can!make!erosion!
worse!by!trying!to!prevent!it.!For!example,!manmade!structures!such!as!seawalls!can!lock!up!
sand!dunes!as!well!as!seaports!and!harbors!that!prevent!long!shore!drift.!LongSterm!seaSlevel!
rise!due!to!global!warming!and!the!melting!of!major!glacier!also!has!a!significant!effect!on!the!
shoreline!(Aubrey!Consulting,!1994b;!Dougherty,!et!al.,!2004;!Kelley,!2004;!Proft,!2012).!The!
continuing!rising!of!sea!level!is!a!contributing!factor!to!erosion!(Aubrey!Consulting,!1994b;!Soos,!
2011).!!
New!England!has!a!lower!erosion!rate!than!in!the!MidSAtlantic!due!to!its!shore!types.!
New!England!has!a!higher!percentage!of!rocky!coasts,!pocket!beaches,!and!mainland!beaches!
which!tend!to!erode!more!slowly!than!barrier!islands!and!inlet!environments!which!make!up!
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most!of!the!MidSAtlantic!region!(Kelley,!2004).!However,!the!severity!of!coastal!erosion!is!
higher!in!New!England!than!in!the!MidSAtlantic!showing!that!although!erosion!may!not!be!as!
prominent!in!New!England,!it!is!still!happening!(Kelley,!2004;!Proft,!2012;!Ramsey,!et!al.,!2004).!!
!
!
Figure'1:'The'New'England'coastline,'Source:'www.maps.com''
!
At!the!very!top!of!New!England’s!coastline!is!Maine,!see!Figure!1!above.!Maine!has!the!
largest!coastline!of!the!six!New!England!states,!and!is!made!of!very!rocky!and!mainland!
beaches.!Ten!percent!of!Maine’s!beaches!are!highly!erosional,!50%!of!Maine’s!beaches!are!only!
moderately!erosional,!and!about!40%!of!southern!Maine!beaches!are!only!slightly!erosional.!
Maine!beaches!have!been!disappearing!at!a!rate!of!more!than!two!feet!per!year.!Most!of!these!
beaches!do!not!have!seawalls,!and!are!in!need!of!dune!replenishment!to!replace!eroded!sand.!
Due!to!the!loss!of!sand!these!beaches!suffer!from,!during!half!of!their!tidal!cycle!(at!high!tide)!
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there!is!no!beach!for!recreational!purposes.!Where!there!are!seawalls!present,!coastal!storms!
usually!wash!over!them!and!at!times!even!destroy!them!because!of!their!severity!(Kelley,!2004;!
Proft,!2012;!Soos,!2011;!University!of!Maine,!2013).!!
There!are!four!major!types!of!erosion!in!Maine:!seasonal!erosion,!storm!erosion,!longS
term!erosion,!and!inlet!erosion.!Beaches!usually!undergo!a!seasonal!change!from!a!“summer”!
beach!to!a!“winter”!beach.!The!winter!beach!has!increased!wave!heights!and!winds!during!the!
fall!and!winter.!This!causes!beach!berms!and!dune!erosion.!When!combined!with!the!
transportation!of!sand!offshore!the!result!is!a!lower!beach.!The!deposition!of!sand!offshore!also!
protects!sandbars.!This!is!known!as!the!winter!beach!profile.!This!creates!a!much!flatter!and!
concave!shape!to!the!beach,!shown!in!Figure!2!(University!of!Maine,!2013).!The!sandbars!that!
form!offshore!cause!waves!to!break!farther!offshore!which!help!protect!the!beach.!The!summer!
beach!profile!occurs!in!the!late!spring!and!early!summer!months.!The!waves!are!smaller!and!
much!calmer.!This!causes!the!sand!to!slowly!return!to!the!beach!and!berm,!shown!in!Figure!3.!
The!dunes!usually!recover!on!their!own,!assuming!the!sediment!is!not!lost!from!the!offshore!
sandbars.!To!ensure!this!does!not!happen,!the!berm!must!return!to!its!original!shape,!which!
can!be!difficult!because!this!is!the!part!of!the!beach!that!changes!most!during!the!cycle!of!
seasons!(Kuhn,!2013;!Leatherman!&!Zaremba,!1986;!University!of!Maine,!2013).!!
!
Figure'2:'Dune'erosion'during'the'winter.'(University'of'Maine,'2013)'
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!
Figure'3:'Dune'erosion'during'the'summer.'(University'of'Maine,'2013)'
!
Storm!erosion!is!a!huge!contributor!to!dune!erosion.!Storm!erosion!is!similar!to!seasonal!
erosion,!but!it!follows!a!much!more!rapid!pattern.!A!comparison!can!be!seen!in!Figure!4.!The!
worst!storms!usually!occur!in!late!fall,!winter,!and!early!spring.!The!changes!that!occur!to!the!
beach!are!similar!to!the!seasonal!changes!(Aubrey!Consulting,!1994b).!The!beach!lowers!and!
there!is!loss!of!the!berm!and!sea!grass.!Storm!erosion!causes!more!severe!dune!erosion!than!
seasonal!erosion.!Like!seasonal!erosion,!during!a!storm!offshore!sandbars!are!formed.!These!
sandbars!provide!protection!to!the!beach!and!allow!the!berm!to!build!back!up!in!a!year’s!time.!
However,!the!reconstruction!of!dunes!can!take!much!longer.!It!can!take!anywhere!from!several!
seasons!to!several!years!for!the!dunes!to!build!back!up.!This!is!why!dunes!often!need!help!to!
quickly!recover!in!time!for!the!next!storm.!The!planting!of!dune!vegetation!is!a!way!to!help!the!
dunes!recover!(Grady,!2013;!University!of!Maine,!2013;!Woods!Hole!Oceanographic!Institution,!
2002).!!
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!
Figure'4:'Comparison'of'the'dunes'between'summer'beach,'winter'beach,'and'storm'erosion.'(University'of'Maine,'2013)'
!
LongSterm!erosion!can!be!seen!as!permanent!erosion!that!occurs!over!long!periods!of!
time!because!of!numerous!factors.!Some!of!these!factors!include:!manmade!structures!that!
prevent!sand!from!being!recovered!to!the!beach,!sediment!being!lost!into!sinks!or!traps!from!
offshore!sandbars,!rising!seaSlevel!(rate:!about!an!inch!per!decade),!and!upstream!dams!on!
rivers!that!prevent!sand!from!reaching!the!beach.!The!effect!of!seaSlevel!rise!can!be!seen!in!
Figure!5.!All!these!factors!are!contributing!to!the!beach!erosion,!some!is!natural,!but!all!these!
factors!are!speeding!it!up!(Aubrey!Consulting,!1994a;!Soos,!2011;!University!of!Maine,!2013;!
University!of!Rhode!Island,!2009).!!
!
Figure'5:'LongL'term'erosion'(University'of'Maine,'2013)'
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The!final!type!of!erosion!is!inlet!erosion.!Tidal!inlets!are!constantly!changing!shape!and!
moving!because!of!storms.!They!can!migrate!in!one!direction!and!then!change!back!to!their!
original!position.!An!example!of!this!is!the!Morse!River!at!Popham!Beach!State!Park.!The!
channel!of!the!Morse!River!migrated!to!the!northeast!dramatically!over!the!past!few!decades.!
This!caused!lots!of!erosion!at!Popham!Beach.!In!2010,!a!dramatic!change!opened!a!new!channel!
to!the!west,!which!can!be!seen!in!Figures!6!and!7!below!(Leatherman!&!Zaremba,!1986;!
University!of!Maine,!2013).!!
!
Figure'6:'(University'of'Maine,'2013)'
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!
Figure'7:'(University'of'Maine,'2013)'
!
Beach!Erosion!in!New!Hampshire!is!less!of!a!threat!due!to!its!smaller!coastline.!
However,!Hampton!Beach,!Portsmouth,!and!the!Seabrook!area!are!among!the!places!most!
affected.!Approximately!5!percent!of!New!Hampshire’s!coastline!is!eroding.!The!main!causes!of!
erosion!come!from!excessive!flooding,!rising!sea!level,!and!winter!storms.!Flooding!is!a!major!
issue!after!storms;!many!roads!and!bridges!are!underwater.!About!seventeen!miles!south!of!
beach!barrier!towns!like!Seabrook!and!Hampton!Beach,!the!coastline!is!faced!with!a!dual!tidal!
wave!effect!during!storms!because!they!are!sandwiched!between!the!Atlantic!Ocean!and!a!lowS
lying!estuary!(Marshall,!2012).!This!can!cause!huge!erosion!problems!because!of!the!impact!of!
the!waves!and!loss!of!sediment.!Also,!the!lack!of!sand!dunes!along!the!New!Hampshire!
coastline!combined!with!the!flat!land!increases!the!risk!of!erosion.!The!seacoast!of!New!
Hampshire!is!so!different!that!there!is!no!collaboration!to!solve!erosion!issues,!which!causes!
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even!more!problems!because!they!cannot!agree!on!an!erosion!prevention!plan!or!erosion!
repairs!(Marshall,!2012;!Soos,!2011).!!
Rhode!Island,!also!known!as!“the!Ocean!State”,!suffers!from!severe!erosion!every!year.!
The!entire!shoreline!is!eroding!with!an!average!annual!rate!of!1S2!feet!per!year!(University!of!
Rhode!Island,!2009).!The!biggest!cause!of!erosion!in!this!area!is!storms.!The!intensity,!duration,!
and!number!of!storms!are!directly!related!to!the!amount!of!erosion.!After!any!major!storm,!the!
effects!are!almost!immediately!noticeable!on!the!beaches!in!Rhode!Island.!The!coastline!has!
retreated!and!large!amounts!of!sand!have!been!lost.!The!coastline!has!lost!20!feet!in!the!past!
12!years!(Bidgood,!2012).!This!loss!of!shoreline!poses!a!threat!to!all!coastal!properties.!The!
beach!serves!as!the!first!line!of!defense!against!coastal!storms,!and!when!the!beaches!erode!
the!coastal!property!is!at!a!greater!risk!of!being!damaged!(Aubrey!Consulting,!1994b;!Grady,!
2013;!Proft,!2012;!University!of!Rhode!Island,!2009).!!
The!rising!sea!level!also!contributes!to!erosion!in!Rhode!Island!as!well!as!greater!
shoreline!retreat,!property!damage,!and!saltwater!intrusion!into!rivers,!bays,!and!underground!
water!resources.!Sandy!shores!can!recede!as!much!as!30!feet!in!a!single!hurricane,!for!example!
Matunuck!in!South!Kingstown!(Proft,!2012).)High!water!levels!and!wave!damage!can!wash!away!
dunes!and!sea!grass.!They!can!also!damage!sea!cliffs!by!saturating!and!weakening!them!until!
they!eventually!collapse.!Matunuck,!located!at!the!bottom!of!Rhode!Island’s!coast!(seen!in!
Figure!8),!is!specifically!suffering.!Suffering!homes!can!be!seen!in!Figure!9.!Matunuck!is!about!
1400!feet!of!beach!divided!into!private!lots.!It!is!located!between!two!old!sea!walls!that!were!
put!into!place!before!the!state!ruled!that!hard!structures!were!not!permitted!because!of!their!
negative!effects!on!erosion!(Bidgood,!2012).!Its!eroding!coast!threatens!to!destroy!the!
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Matunuck!Beach!Road!which!would!leave!1600!homes!and!businesses!with!no!way!to!enter!or!
exit!the!community,!as!seen!in!Figure!10!(Proft,!2012).!This!road!lies!12!feet!from!the!coast!
(Bidgood,!2012).!The!only!solution!that!can!help!is!building!a!bridge!or!wall,!which!is!temporary!
and!won’t!last!forever.!It!does!not!prevent!communities!from!getting!washed!out!or!stop!
erosion!completely.!It!can!only!prolong!these!effects.!This!poses!the!question!if!residents!
should!continue!fighting!the!battle!against!erosion!or!retreat,!and!if!they!retreat!how!long!will!
Rhode!Island!last!before!it!retreats!entirely(Proft,!2012;!University!of!Rhode!Island,!2009;!
Woods!Hole!Oceanographic!Institution,!2011).)
!
Figure'8:'Matunuck,'Rhode'Island'(University'of'Rhode'Island,'2009)'
! 17!
 !
Figure'9:'Threat'high'waves'have'on'the'homes'of'Matunuck.'(Bidgood,'2012)'
!
!!!!!!! !
Figure'10:'Aerial'view'of'the'Matunuck'Beach'Road'(Google'Maps,'2013)'
'
Rhode!Island!has!a!Coastal!Resources!Management!Council!that!oversees!all!coastal!
issues.!They!are!developing!an!Erosion!and!Inundation!Special!Area!Management!Plan.!The!plan!
will!rely!on!data!from!studies!scheduled!to!take!place!at!multiple!sites!around!the!state!where!
!!
!
This!is!Matunuck!Beach!Road!
which!suffers!severe!erosion!
and!is!in!danger!of!being!
destroyed!which!would!force!
all!the!people!who!live!east!of!
the!road!out!of!their!homes. 
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coastal!erosion!is!occurring.!Experimental!erosion!control!areas!have!been!created!to!test!
different!strategies!related!to!controlling!erosion.!Successful!strategies!can!then!be!
implemented!in!similar!situations!elsewhere!in!the!state!(Bidgood,!2012;!Proft,!2012).!!
Further!down!the!coast,!erosion!is!also!seen!at!the!Connecticut!coastline.!Again,!
Connecticut!is!seeing!similar!reasons!as!the!rest!of!New!England:!rising!sea!level!and!storms.!
Approximately!9%!of!Connecticut’s!coastline!is!eroding!(Department!of!Energy!and!
Environmental!Protection,!2013).!Connecticut!does!not!receive!as!much!of!the!brunt!during!
storms!because!the!Southern!Shore!of!Massachusetts,!as!well!as!the!coast!of!Rhode!Island,!
protects!it.!Connecticut!is!also!protected!by!the!Long!Island!Sound,!which!is!located!between!
Connecticut!and!New!York.!However,!Connecticut!still!sees!moderate!damage!due!to!erosion.!
Human!attempts!at!erosion!control!have!mostly!complicated!the!problem.!These!attempts!
include!hard!structures!such!as!seawalls,!bulkheads,!groins,!jetties,!and!breakwaters.!These!
structures!may!solve!a!problem!in!one!area!but!create!different!problems!in!other!areas.!They!
stop!harsh!waves!from!reaching!various!homes!and!buildings,!but!they!lock!up!sediment!
sources!and!stop!the!natural!flow!of!sediment.!These!structures!can!even!cause!more!erosion!
because!they!focus!wave!energy!at!the!base!of!the!structures!(Aubrey!Consulting,!1994a;!
Berman,!2011;!Department!of!Energy!and!Environmental!Protection,!2013;!Ramsey,!et!al.,!
2004).!!
The!Connecticut!Coastal!Management!Act!(CCMA)!states!that!nonSstructural!solutions!
for!erosion!control!must!be!considered!and!assessed!before!structural!solutions!are!considered!
or!permitted.!This!basically!states!that!hard!structures,!or!structural!solutions,!should!be!a!last!
resort!for!erosion!control.!Soft!structures,!or!nonSstructural!solutions,!usually!have!less!negative!
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impacts!on!coastal!resources,!are!less!expensive,!and!are!easier!to!maintain.!The!only!problem!
with!beach!nourishment!as!a!solution!is!finding!the!right!source!of!sediment!in!size!and!texture.!
However,!beach!nourishment!provides!significant!flood!protection!by!absorbing!waves!and!
serves!as!a!last!resort!before!water!reaches!manmade!structures.!The!CCMA!recognizes!that!
soft!structures!cannot!be!used!everywhere,!and!hard!structures!are!necessary!for!certain!areas!
(Akson,!2012;!Department!of!Energy!and!Environmental!Protection,!2013;!Grady,!2013;!Woods!
Hole!Oceanographic!Institution,!2002).!!
Lastly,!we!observe!the!Massachusetts!shoreline.!Massachusetts!has!a!large!coastline!
that!is!very!exposed!and!as!a!result!is!completely!eroding!away.!An!analysis!of!shoreline!
spanning!over!140!years!covering!1,000!miles!of!shore!showed!that!the!Massachusetts!
shoreline!is!eroding!at!approximately!0.56!feet!per!year.!The!South!Shore!is!eroding!at!quicker!
rate!than!the!North!Shore.!Some!of!the!most!affected!areas!include:!Nantucket,!Cape!Cod,!
Plymouth,!and!Duxbury.!Nantucket!is!affected!the!most!with!the!highest!long!term!average!
annual!erosion!rate!of!12!feet!per!year!(Woods!Hole!Oceanographic!Institution,!2011).!The!
largest!contributors!to!erosion!in!Massachusetts!are!rising!sea!levels,!storms,!and!human!
effects.!A!study!completed!by!scientists!at!Woods!Hole!Oceanographic!Institution!shows!that!
the!sea!level!in!Massachusetts!rises!approximately!one!vertical!foot!every!100!years!(Woods!
Hole!Oceanographic!Institution,!2011).!This!is!the!greatest!contribution!to!erosion!in!some!
areas.!For!example!on!Cape!Cod,!the!total!upland!loss!from!submergence!due!to!relative!sea!
level!rise!is!approximately!24!acres!per!year,!and!erosion!from!waves!is!approximately!nine!
acres.!According!to!the!Army!Corps!of!Engineers,!the!biggest!human!induced!erosion!factor!is!
interruption!of!sediment!sources!and!long!shore!sediment!transport.!For!example,!the!
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construction!of!seawalls,!groins,!bulkheads,!jetties,!and!other!manmade!structures!built!to!
prevent!erosion!(Rosenberg,!2013).!Storm!erosion!is!the!most!dangerous!because!there!is!no!
way!to!know!when!they!will!be!hit!with!a!storm!or!how!damaging!it!can!be!(Aubrey!Consulting,!
1994a,!1994b;!Berman,!2011;!O'Connell,!2001;!Woods!Hole!Oceanographic!Institution,!2011).!!!
2.2.2!Massachusetts!
The!Massachusetts!coastline!is!divided!into!two!regions:!the!North!Shore!and!the!South!
Shore,!seen!in!Figure!11.!The!North!Shore!is!made!up!of!the!coastline!from!Boston!to!
approximately!New!Hampshire.!It!is!made!up!of!several!popular!beaches!including:!Winthrop,!
Gloucester,!and!Ipswich.!The!South!Shore!stretches!southeast!of!Boston,!including!
Massachusetts!Bay!and!Cape!Cod!Bay.!It!is!composed!of!many!more!beaches!including!those!
along!Cape!Cod,!Plymouth!Beach,!Hull!Beach,!Nantucket,!and!Duxbury!Beach.)
!
Figure'11:'This'shows'the'division'between'the'North'Shore'and'the'South'Shore'
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Winthrop!Beach,!along!the!North!Shore,!has!a!sea!wall!that!is!several!miles!long!
stretching!across!the!entire!beach.!This!sea!wall!was!sheared!in!half!by!a!high!tide!at!least!a!
decade!ago.!Therefore,!the!sea!wall!is!lined!with!cracks!and!dangerous!gouges!that!have!turned!
the!once!popular!summer!destination!into!a!ghost!beach,!as!seen!in!Figure!12.!There!is!no!
current!plan!to!fix!the!beach.!The!state’s!Department!of!Conservation!(DCR)!proposed!
nourishing!the!37Sacre!site!with!500,000!cubic!yards!of!sand!and!gravel.!This!would!basically!
create!a!new!coastal!strip,!and!the!sand!would!be!the!first!defense!against!high!tides.!This!plan!
had!been!in!progress!since!1997,!but!the!U.S.!Army!Corps!of!Engineers!rejected!the!proposal!in!
2008!and!its!appeal!in!2012.!The!plan!called!for!pumping!of!sand!from!the!ocean!floor!about!
nine!miles!off!the!coast!of!Winthrop,!and!putting!it!back!onto!the!beach.!This!plan!was!turned!
down!because!of!potential!harm!to!lobster!and!cod!population!at!the!pumping!location.!The!
DCR!is!now!working!on!a!new!plan!for!the!beach,!but!has!yet!to!come!up!with!something!that!
can!be!properly!funded!or!agreed!upon.!So!for!now!there!is!no!safe!access!to!the!beach!(Woods!
Hole!Oceanographic!Institution,!1998).!
!
Figure'12:'This'image'shows'the'sea'wall'at'Winthrop'Beach'(S.'A.'Rosenberg,'2013)'
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Singing!Beach,!located!near!Gloucester!in!Manchester,!MA,!is!a!popular!tourist!beach.!
However,!it!suffered!severe!damage!after!the!Blizzard!of!2013.!It!lost!a!significant!amount!of!
sand!and!parts!of!the!seawall!collapsed,!as!seen!in!Figure!13.!The!high!tide!mark!also!reaches!
higher!than!it!ever!has!before.!Long!Beach,!a!beach!also!located!in!Rockport,!also!suffered!
severe!erosion!this!past!winter.!It!also!suffered!seawall!damage.!The!residents!of!these!local!hot!
spots!don’t!plan!to!do!much!about!the!erosion!because!“it!is!nothing!new”.!They!hope!the!
beaches!will!naturally!restore!themselves.!There!has!been!talk!of!relocating!sand!from!the!
upper!parts!of!the!beach!to!the!lower!parts,!but!they!fear!any!plans!will!take!too!long!to!
implicate!and!cost!too!much!(Aubrey!Consulting,!1994a;!Niedzinski,!2013;!Ramsey,!et!al.,!2004).!
!
Figure'13:'Singing'beach'after'winter'2013'(Niedzinski,'2013)'
!
Crane!Beach!is!another!local!beach!on!the!North!Shore!located!in!Ipswich,!MA.!They!also!
experienced!severe!erosion!from!the!hard!winter!storms!of!2013.!The!storms!tore!away!sand!
and!wrecked!dunes,!as!seen!in!Figure!14.!The!high!tides!made!a!10Sfoot!cut!into!the!dunes!
creating!a!drop!off.!This!created!issues!getting!onto!the!physical!beach,!but!has!since!been!fixed!
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by!raking!sand!to!make!a!more!gradual!entrance!to!the!beach.!There!are!some!plans!to!do!work!
on!the!boardwalk,!but!again!there!aren’t!many!plans!to!fix!the!erosion.!They!are!also!relying!on!
the!fact!that!the!beach!usually!replenishes!itself!after!harsh!winter!storms!(Aubrey!Consulting,!
1994a,!1994b;!Berman,!2011;!Kuhn,!2013).)
!
Figure'14:'Crane'Beach'after'winter'storms'of'2013'(Kuhn,'2013)'
!
The!North!Shore!and!the!South!Shore!are!both!affected!deeply!by!erosion!each!year.!
They!are!both!mostly!impacted!during!the!late!fall,!winter,!and!early!spring!months!when!
winter!storms!and!hurricanes!hit!that!bring!about!larger!waves,!harsh!winds,!and!changing!
tides.!These!storms!wash!out!dunes!and!protective!structures!that!are!meant!to!prevent!
erosion.!Many!of!the!towns!along!the!North!Shore!do!not!believe!it!is!worth!putting!money!or!
time!into!trying!to!prevent!erosion.!They!believe!the!beaches!will!recover!on!their!own!with!the!
changing!seasons!(Aubrey!Consulting,!1994b;!Berman,!2011;!Gould,!2013;!Grady,!2013;!McCall,!
2013).!!!
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2.2.3!South!Shore!
Cape!Cod,!especially!the!outer!cape,!experiences!severe!erosion.!Due!to!the!angle!of!
approaching!waves,!the!sediment!is!moved!parallel!to!the!shore!through!what!is!called!long!
shore!sediment!transport.!Long!shore!transport!affects!most!of!the!Cape,!but!has!the!largest!
effect!on!the!beaches!of!the!outer!Cape.!The!magnitude!and!direction!of!this!transportation!
changes!throughout!the!Cape!and!is!important!to!know!in!order!to!stabilize!the!eroding!coasts.!
On!the!coastal!banks!of!the!outer!Cape!the!eroding!sand!is!distributed!to!beaches!and!near!
shore!bars!(43%),!offshore!bars!(36%)!and!lost!offshore!(21%)!(Aubrey!Consulting,!1994a,!
1994b;!Berman,!2011).!
There!have!been!five!key!reports!done!on!the!sediment!transportation!on!Cape!Cod.!
Through!the!compilation!of!these!reports!a!historical!map!was!generated,!as!seen!in!Figure!15.!
There!are!areas!where!there!is!a!conflict!between!the!studies.!Due!to!the!greater!influence!of!
nor’easters,!more!sediment!is!being!transported!to!the!south!along!the!outer!Cape!to!Chatham!
and!to!the!north!to!Provincetown!(Aubrey!Consulting,!1994b;!Berman,!2011).!!
!
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!!
Figure'15:'Long'shore'Sediment'Transport'
From!Long!shore!Sediment!Transport,!Woods!Hole!Oceanographic!Institution!(Berman,!2011).!Each!study!is!colorScoded!
according!to!the!legend!(Woodworth!and!Wigglesworth,!1934.!Giese,!1964,!Strahler,!1966.!Fisher,!1979.!FitzGerald,!1993.)!
Giese!(1964!data)!analysis!based!in!part!on!previous!studies!(U.S.!Congress,!1959!&!1960).!
!
The!wind!and!wave!direction!are!variable!on!Cape!Cod.!There!are!also!seasonal!trends.!It!
is!calmer!in!the!summer!months!and!more!severe!storms!occur!in!the!winter.!In!general,!unless!
there!is!a!substantial!storm,!most!of!the!sediment!transport!occurs!during!the!more!common!
low!wave!energy!conditions.!Little!sand!transport!may!occur!over!weeks!or!months!when!there!
is!less!wave!energy,!while!a!storm!may!transport!large!amounts!of!sand!(Aubrey!Consulting,!
1994b;!Berman,!2011;!Woods!Hole!Oceanographic!Institution,!1998).!
A!beach!very!similar!to!Plymouth!Long!Beach!is!Duxbury!Beach.!Duxbury!Beach!is!a!
barrier!beach!thirty!miles!south!of!Boston,!and!is!very!close!to!Plymouth!Long!Beach,!as!seen!in!
Figure!16.!The!beaches!are!relatively!similar!in!direction!and!orientation.!Duxbury!Beach!had!a!
large!problem!with!erosion!in!the!past.!It!serves!as!some!protection!for!Plymouth!Long!Beach!
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during!certain!storms,!based!on!the!direction!of!the!storm.!Many!of!the!factors!that!affect!
erosion,!such!as!winds,!waves,!and!tides!are!extremely!similar!for!both!Plymouth!Long!Beach!
and!Duxbury!Beach.!The!beaches!are!in!such!close!proximity!to!each!other!that!is!it!reasonable!
to!say!that!the!beaches!suffer!from!winds!of!the!same!direction!and!speed.!It!is!also!reasonable!
to!say!that!both!beaches!have!roughly!the!same!tides!and!waves.!Duxbury!Beach!actually!
suffers!from!larger!waves!at!times!because!the!beach!lacks!the!protection!unlike!Plymouth.!The!
seaside!of!Duxbury!beach!takes!the!brunt!of!all!storms!coming!from!any!easterly!direction.!
Therefore,!Duxbury!Beach!was!a!great!beach!to!use!as!a!case!study,!as!it!is!similar!to!Plymouth!
Long!Beach!in!many!ways.!!It!is!a!privately!owned!beach,!purchased!by!the!Duxbury!Beach!
Reservation!Incorporated,!which!is!a!nonprofit!trust!(Grady,!2013).!The!beach!faces!northeast!
and!acts!as!a!breakwater,!protecting!the!bay!and!salt!marshes.!Duxbury!beach!is!also!home!to!
endangered!birds!and!is!extensively!used!for!recreation!(Grady,!2013;!Woods!Hole!
Oceanographic!Institution,!2002,!2011).!!
!
Figure'16:'An'aerial'view'of'Plymouth'Long'Beach'and'Duxbury'Beach'from'Google'Maps'
!
! 27!
In!the!1960s!and!1970s!there!was!a!large!problem!with!unrestricted!vehicle!use!on!
Duxbury!Beach.!This!caused!a!considerable!amount!of!erosion!to!occur!due!to!the!people!that!
had!visited!the!beach!(Woods!Hole!Oceanographic!Institution,!2002).!The!beach!also!had!
standard!coastal!erosion!occurring!from!natural!processes.!!They!also!had!considerable!total!
over!wash!(Grady,!2013;!Woods!Hole!Oceanographic!Institution,!2002).!!
In!1991!the!Halloween!storm,!known!as!The!Perfect!Storm,!damaged!a!large!amount!of!
the!beach.!Roughly!seventy!percent!of!the!beach!was!affected!and!most!of!the!dunes!were!
flattened,!as!shown!in!Figure!17.!To!recover!from!this!storm!multiple!rows!of!sand!fencing!were!
used!(Grady,!2013).!As!the!sand!would!gather!behind!a!row!of!fence,!they!would!plant!another!
row!of!fencing.!Grass!was!also!planted!eighteen!inches!apart,!and!6S7!inches!deep,!between!the!
sand!fencing.!This!was!effective!in!extending!the!beach!out!roughly!10!feet!each!season,!
depending!on!the!storms.!They!ran!into!a!problem!with!the!beach!grass!dieback.!This!is!a!
common!issue!because!American!beach!grass!is!a!sand!loving!plant!(Grady,!2013).!It!needs!to!
be!surrounded!and!buried!by!sand,!or!it!does!not!prosper.!Eventually!as!the!beach!becomes!
more!stabilized,!the!back!areas!of!the!beach!die!off!(Grady,!2013;!O'Connell,!2008;!Woods!Hole!
Oceanographic!Institution,!2002).!!
A!series!of!high!tides!caused!an!over!wash.!This!over!wash!took!with!it!the!dunes!and!
the!gravel!roadway,!pushing!it!into!Duxbury!Bay.!As!shown!below,!the!sand!fencing!was!barely!
standing!after!the!storm.!It!is!estimated!that!the!beach!moved!back!roughly!100S150!feet!during!
the!storm!(Grady,!2013;!Woods!Hole!Oceanographic!Institution,!2002).!
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!
Figure'17:'Over'wash'section,'Duxbury'Beach'after'1991'Halloween'Nor’easter'(Woods'Hole'Oceanographic'Institution,'2002)'
!
The!beach!is!slowly!getting!pushed!back!into!Duxbury!Bay.!Instead!of!fighting!the!
movement!of!the!beach,!officials!of!Duxbury!Beach!have!accepted!it.!Officials!know!the!beach!is!
being!pushed!back!because!of!peat!deposits!that!have!been!discovered!on!the!seaside!of!the!
beach!(Grady,!2013).!Peat!deposits!occur!where!there!was!once!a!salt!marsh.!A!salt!marsh!
cannot!exist!on!the!seaside!of!the!beach,!but!it!does!occur!on!the!bayside!of!the!beach.!This!
shows!the!beach!has!been!moving!into!the!bay!over!the!years!(Grady,!2013;!Woods!Hole!
Oceanographic!Institution,!2011).!!
Officials!at!Duxbury!Beach!have!mitigated!the!erosion!by!using!soft!structures.!With!the!
help!of!the!Army!Corps!of!Engineers!they!developed!a!solution!that!is!a!sacrificial!dune.!On!the!
seaside!of!the!beach,!there!is!a!large!dune!that!is!completely!engineered.!The!dune!was!
constructed!through!beach!nourishment.!They!had!two!largeSscale!projects,!in!1991!and!1992!
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that!built!the!original!dune.!The!first!project!was!around!65,000!cubic!yards!of!sand!(Woods!
Hole!Oceanographic!Institution,!2002).!The!second!project!was!significantly!larger!at!over!
100,000!cubic!yards!of!sand.!They!engineered!the!height,!width,!and!slopes!on!both!sides!of!the!
dune!and!are!constantly!nourishing!the!dune!to!keep!it!at!the!specifications.!They!also!planted!
American!Beach!Grass!on!the!artificial!dune.!They!planted!the!back!of!the!dune!with!woody!
shrubs!(Grady,!2013).!There!is!a!soft!slope!on!the!seaside!of!the!dune,!which!allows!waves!to!
roll!up!and!down!the!dune!instead!of!crashing!into!it.!They!constructed!the!sacrificial!dune!and!
have!repaired!the!dune!in!the!past!few!years!(Grady,!2013;!O'Connell,!2008;!Woods!Hole!
Oceanographic!Institution,!2002).!!
They!also!ran!into!problems!with!endangered!bird!species.!Sand!was!brought!in!and!a!
barrier!was!built!to!an!elevation!of!16!feet!above!sea!level!(Grady,!2013).!The!top!was!ten!feet!
across!and!both!the!backside!and!seaside!had!a!slope!of!6:1.!Since!it!was!installed,!they!
modified!the!structure!because!the!slope!was!too!great!for!the!piping!plovers!(Woods!Hole!
Oceanographic!Institution,!2002).!The!slope!is!now!10:1!on!the!seaside!and!6:1!on!the!backside!
(Grady,!2013;!Woods!Hole!Oceanographic!Institution,!2002,!2011).!!!
As!mentioned!before,!Duxbury!Beach!uses!American!Beach!grass!as!vegetation.!The!
planting!of!this!grass!is!an!easy!project!for!volunteers!to!get!involved!with.!Between!1991!and!
1992,!over!a!million!stalks!of!beach!grass!were!planted!on!the!beach.!However,!the!piping!
plovers!do!not!like!the!large!strands!of!grass!so!they!had!to!modify!the!plan!again.!The!most!
recent!plan!was!to!plant!the!grass!at!a!spacing!of!3!feet!on!center!(Grady,!2013).!They!planted!
the!grass!in!a!chevron!pattern!so!that!if!water!over!washes!the!beach!it!would!have!to!
encounter!a!stalk!of!beach!grass.!After!trucking!in!the!sand!and!planting!the!grass!they!then!
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installed!only!one!line!of!sand!fencing!because!of!the!dieback!issue!and!the!piping!plovers.!The!
primary!job!of!the!fencing!is!to!keep!people!off!the!dunes,!the!grass!is!meant!to!collect!sand.!To!
help!prevent!the!dieback!of!beach!grass!they!fertilize!the!beach!annually!with!the!lowest!
concentration!of!Nitrogen!fertilizer!they!can!find!(Woods!Hole!Oceanographic!Institution,!
2002).!!Sometimes!they!fertilize!by!hand!and!sometimes!helicopters!are!used!to!spread!the!
fertilizer!(Grady,!2013;!O'Connell,!2008;!Woods!Hole!Oceanographic!Institution,!2002).!
There!is!also!a!focus!on!woody!shrubs.!These!shrubs!stay!standing!after!storms!whereas!
beach!grass!will!just!lie!over!after!a!flood.!When!this!happens!there!is!nothing!there!to!catch!
the!sand!that!is!blowing!around.!This!is!where!the!woody!plants!come!into!play.!They!remain!
upright!during!storms!and!they!catch!sediment!and!debris.!For!these!reasons!they!are!also!a!
great!plant!for!building!dunes.!The!most!successful!woody!plant!Duxbury!has!tried!was!Rosa!
Rugosa,!planting!them!extremely!deep!and!cutting!them!back!significantly!to!roughly!eighteen!
inches!high!(Grady,!2013;!Woods!Hole!Oceanographic!Institution,!2002).!They!are!trying!new!
plants,!most!of!which!are!not!successful.!The!most!successful!plant!that!they!are!now!leaning!
towards!is!the!beach!plum.!It!is!a!native!plant!and!they!have!had!a!success!rate!of!roughly!50!
percent!of!the!time.!They!have!also!begun!planting!some!bayberry!from!potted!plants!after!it!
began!to!grow!on!the!beach!on!its!own.!They!have!had!great!success!with!bayberry!(Grady,!
2013;!O'Connell,!2008;!Woods!Hole!Oceanographic!Institution,!2002).!!
This!past!fall!Duxbury!had!some!erosion!occur.!In!some!places!they!lost!sand!and!the!
waves!have!pushed!back!the!beach.!They!moved!the!beach!back!and!nourished!a!section!of!the!
beach!to!restore!the!dune!(Grady,!2013).!They!moved!the!road!back!to!make!room!for!the!
dune.!They!then!trucked!more!sand!in!to!nourish!the!dune,!making!sure!it!was!to!specifications.!
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They!planted!American!beach!grass!on!the!dune!with!woody!shrubs!planted!on!the!backside!of!
the!dune!(Grady,!2013;!O'Connell,!2008;!Woods!Hole!Oceanographic!Institution,!2002,!2011).!!
2.3)Plymouth)Long)Beach)History)
This!is!not!the!first!time!the!beach!erosion!on!the!barrier!beach!has!been!examined.!In!
1994,!the!town!of!Plymouth!hired!a!consulting!office,!Aubrey!Consulting!Inc.,!to!determine!an!
effective!management!plan!for!Plymouth!Long!Beach!(PLB).!Now,!nineteen!years!later!the!
beach!is!still!eroding,!and!the!management!plans!are!not!preventing!erosion,!as!the!consulting!
firm!had!believed!(Gould,!2013;!McCall,!2013).!!
The!largest!factors!weighing!on!the!erosion!of!PLB!is!the!surface!wave!action!generated!
by!storms!in!combination!with!the!manSmade!infrastructure!(Aubrey!Consulting,!1994a).!There!
are!a!number!of!smaller!natural!factors!that!still!weigh!heavily!on!the!erosion!process!of!the!
beach,!which!include!but!are!not!limited!to;!tides,!wind,!storm!surges,!and!seaSlevel!rise!
(Aubrey!Consulting,!1994a;!Berman,!2011;!Gould,!2013;!McCall,!2013).!
On!Plymouth!Long!Beach!drastic!erosion!is!occurring!on!the!southern!end!of!the!beach.!
In!this!location!erosion!is!in!direct!relation!to!the!seawall!and!groin!fields!that!respectively!run!
parallel!and!perpendicular!to!the!shoreline!(Bourne!Consulting!Engineering,!2007;!Department!
of!Energy!and!Environmental!Protection,!2013;!Gould,!2013;!McCall,!2013;!Niedzinski,!2013).!
2.3.1!Aubrey!Report!Phase!I!
The!report!from!Aubrey!Consultants!Phase!I,!analyzed!the!driving!forces!that!have!
shaped!Plymouth!Long!Beach.!This!analysis!also!provided!an!evaluation!of!the!geomorphology!
and!patterns!in!changes!to!the!shoreline!at!the!beach.!The!report!also!examined!past!storms!
that!have!significantly!damaged!the!beach!and!the!town’s!attempt!to!stabilize!the!beach!by!
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constructing!shore!protection!structures.!Aubrey!Consultants’!findings!are!described!below!
(Aubrey!Consulting,!1994b).!
Waves,!tides!and!currents!are!the!primary!driving!forces!that!form!and!contour!
Plymouth!Long!Beach.!Waves!and!waveSgenerated!currents!significantly!affect!the!sediment!
transportation!in!the!shallow!near!shore!zone.!Waves!also!influence!the!shape!of!the!beach!and!
account!for!most!of!the!transportation!of!sediment!along!the!shoreline.!These!waves!are!
primarily!generated!by!winds;!therefore!wind!is!indirectly!responsible!for!shaping!the!barrier!
beach!(Aubrey!Consulting,!1994a,!1994b;!Berman,!2011;!Gould,!2013).!!
The!predominant!winds,!the!strongest!winds,!at!the!beach!are!primarily!from!the!
northwest,!west!and!northeast!directions.!The!prevailing!winds,!or!the!most!frequently!
occurring!winds,!primarily!come!from!the!west!and!northwest.!The!largest!waves!normally!
approach!from!the!northeast!and!east!during!the!late!fall!and!winter!months,!when!the!
occurrence!of!nor’easters!increase.!!The!smallest!waves!approach!form!the!south,!southeast!
and!west!because!the!fetch!of!these!waves!is!hindered!due!to!Rocky!Point!(Aubrey!Consulting,!
1994a,!1994b;!Grady,!2013;!McCall,!2013).!!
When!waves!approach!from!the!northeast!and!east!they!are!refracted!by!Brown’s!Bank,!
causing!a!concentration!of!wave!energy!to!be!absorbed!by!the!shoal.!The!shallow!water!over!
the!shoal!will!cause!the!waves!to!break!over!Brown’s!Bank,!forcing!the!waves!to!reform!before!
reaching!the!shore.!When!this!occurs!the!wave!heights!at!the!shore!are!significantly!decreased!
and!cause!a!littoral!drift!to!the!south.!Brown’s!Bank!functions!as!the!only!sediment!source!to!
the!beach!during!these!periods!of!southern!sediment!transport.!At!southern!points!on!the!
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beach!the!sediment!from!Brown’s!Bank!becomes!less!substantial!(Aubrey!Consulting,!1994a,!
1994b;!Gould,!2013;!McCall,!2013;!Woods!Hole!Oceanographic!Institution,!2002).!!
During!periods!of!calm,!waves!approaching!from!the!south!and!southeast!are!refracted!
by!Rocky!Point!and!Brown’s!Bank.!This!refraction!results!in!a!divergence!of!waves!and!the!
wave’s!energy!away!from!Warren’s!Cove.!Rates!of!littoral!drift!are!smallest!at!the!southern!end!
of!the!beach!where!the!wave!divergence!is!the!largest!and!the!fetch!is!limited.!Northward!
moving!littoral!drift!increases!near!the!northern!end!of!the!beach!where!southeast!waves!
approach!directly!onshore.!The!primary!source!of!sand!for!the!southern!end!of!the!beach!is!the!
erosion!of!coastal!banks!in!the!Warren’s!Cove!area.!The!sediment!available!from!transport!is!
limited!because!the!banks!are!composed!of!poorly!sorted!clays,!sand!and!gravel.!The!amount!of!
sand!available!for!transport!increases!in!a!northerly!direction!due!to!the!offshore!shoals!of!
Brown’s!Bank,!which!are!a!source!of!sand!for!the!beach!(Aubrey!Consulting,!1994a,!1994b;!
Gould,!2013;!McCall,!2013).!!
One!of!the!most!noteworthy!findings!of!Aubrey!Consultants!was!that!the!overall!
geomorphology!of!the!beach!has!not!significantly!changed!over!the!past!two!centuries.!There!
was!a!slight!rotation!of!the!beach!approximately!2!degrees!toward!the!landward!direction!
between!the!late!1700s!and!midS1800s.!Around!the!same!time!the!barrier!beach!was!also!
slightly!elongated!by!roughly!492!ft.!Since!this!time!there!have!been!no!significant!changes!to!
the!rotation!or!length!of!the!beach.!When!compared!to!other!beaches!in!Southeastern!
Massachusetts,!these!rates!of!change!are!low!(Aubrey!Consulting,!1994a,!1994b).!!
The!results!of!the!Aubrey!Consultants!suggest!several!significant!factors!that!affect!the!
stability!of!the!beach.!The!first!factor!is!the!structures!that!were!constructed!as!early!as!the!
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1870s.!Although!the!structures!have!been!unsuccessful!in!preventing!damages!to!the!beach,!it!
does!exemplify!an!ongoing!effort!to!stabilize!the!beach!(Aubrey!Consulting,!1994b).!!!!
A!second!factor!that!has!affected!the!stability!of!the!beach!is!the!composition!of!the!
beach.!Coarse!gravel!and!cobble!sized!material!intermixed!with!sand!makes!up!many!sections!
of!the!beach,!especially!along!the!southern!end!of!the!beach.!Because!the!size!of!the!material!is!
larger!it!requires!more!force!and!a!larger!storm!to!initiate!the!transportation!of!these!particles.!
Therefore!the!sections!of!beach!composed!of!these!materials!are!not!impacted!or!altered!by!
lower!energy!waves!that!are!prevalent!in!the!area!for!most!of!the!year!(Aubrey!Consulting,!
1994b;!Grady,!2013).!!!
The!third!factor!that!has!had!an!effect!on!the!stability!of!Plymouth!Long!Beach!is!
Brown’s!Bank.!This!large!shoal!to!the!northeast!end!of!the!barrier!beach!causes!northeast!storm!
waves!to!break!before!reaching!the!shore!of!the!barrier!beach,!which!results!in!a!lower!wave!
energy.!This!is!not!true!for!the!southern!end!of!the!beach,!which!is!not!protected!by!Brown’s!
Bank!during!such!storms.!Along!with!protecting!the!northern!end!of!the!beach,!Brown’s!Bank!
also!acts!as!a!sediment!source!for!the!beach!when!crossSshore!transport!occurs!(Aubrey!
Consulting,!1994b;!Berman,!2011;!McCall,!2013).!!
The!fourth!factor!is!the!natural!navigation!channel!that!runs!along!the!harbor!side!of!the!
beach,!exiting!in!Cape!Cod!Bay!along!tip!of!the!beach.!Sediment!that!reaches!the!channel,!
through!the!south!to!north!long!shore!sediment!transportation,!is!either!transported!into!Cape!
Cod!Bay!or!into!the!harbor!by!tidal!currents.!This!channel!prevents!the!sand!from!the!long!
shore!transportation!from!depositing!at!the!north!end!of!the!beach!and!prevents!the!beach!
from!becoming!elongating.!The!channel!also!prevents!deposition!of!sediment!on!the!harbor!
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side!of!the!beach,!preventing!the!beach!from!migrating!to!the!west!through!natural!over!wash!
and!rollover!(Aubrey!Consulting,!1994b;!Gould,!2013;!McCall,!2013).!!
After!analyzing!aerial!photographs!Aubrey!Consultants!concluded!that!the!photos!
showed!small!changes!to!the!beach.!The!mean!high!water!shoreline!has!gone!through!small!
changes!along!with!the!length!and!width!of!the!beach.!There!has!also!been!an!increase!in!the!
size!of!the!dune!field!at!the!northern!end!of!the!beach.!These!smallSscale!changes!indicate!that!
the!only!part!of!the!beach!with!annual!accretion!is!the!northern!end.!As!one!moves!from!north!
to!the!south!along!the!beach,!the!erosion!rate!increases!with!the!maximum!occurring!in!
Warren’s!Cove!(Aubrey!Consulting,!1994a,!1994b;!Gould,!2013;!McCall,!2013).!!
Erosion!of!the!mean!high!water!shoreline!has!most!significantly!impacted!the!southern!
end!of!the!beach.!When!the!Federal!dike!was!originally!constructed!it!was!in!the!center!of!the!
beach.!Now!the!dike!along!the!southern!half!of!the!beach!represents!the!mean!high!water!
shoreline.!The!photographs!show!that!erosion!of!the!beach!on!the!seaward!side!of!the!dike!
began!in!the!area!of!the!Sawyer’s!Cottage!in!the!early!1950s.!Eventually!in!1965!the!erosion!had!
extended!south!to!Manter’s!Point.!By!1972!the!erosion!had!extended!throughout!the!southern!
half!of!the!beach!from!Plymouth!Town!Beach!to!the!Crossover!(Aubrey!Consulting,!1994a,!
1994b;!Gould,!2013;!McCall,!2013).!
2.3.2!Aubrey!Report!Phase!II!!
! After!looking!at!the!history!of!Plymouth!Long!Beach!in!Aubrey!Report!Phase!I,!Aubrey!
Consultants!went!onto!research!what!was!currently!occurring!at!Plymouth!Long!Beach.!They!
closely!examined!the!movement!of!the!beach!and!the!current!structures!on!the!beach.!The!
consultants!looked!into!what!could!be!done!to!prevent!the!erosion!that!was!occurring!at!the!
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beach!and!what!was!causing!this!erosion!to!occur.!The!consultants’!findings!for!phase!II!are!
described!below.!
There!had!been!a!lot!of!research!done!to!find!solutions!to!erosion!at!Plymouth!Long!
Beach.!This!research!dates!back!to!the!18th!century!and!can!be!seen!in!applications!such!as!the!
stone!and!wooden!walls!along!the!shorelines.!The!most!recent!hard!structures!that!have!been!
implemented!are!the!stone!revetment!and!the!groins,!which!the!Army!Corps!of!Engineers!
constructed.!A!revetment!is!an!onshore!structure!built!to!protect!the!toe!of!a!bank!from!
erosion!caused!by!wave!action!(Ohio!Coastal!Management,!2013).!Throughout!the!years!the!
structures!built!have!had!both!positive!and!negative!effects!on!the!beach.!The!positive!effect!is!
that!the!structures!provided!necessary!protection!for!the!harbor!and!local!properties!against!
storms!of!all!magnitudes.!Although!the!positive!effects!protect!the!safety!of!the!townspeople,!
the!negative!effects!are!causing!the!barrier!beach!to!become!almost!nonexistent!(Aubrey!
Consulting,!1994a,!1994b;!Bourne!Consulting!Engineering,!2007;!Ramsey,!et!al.,!2004).!!
The!Army!Corps!of!Engineers!modeled!and!studied!wave!patterns!and!conditions!of!the!
largest!storms!to!hit!Plymouth,!MA!prior!to!1994!(1961!and!1978).!The!wave!models!provided!
the!town!with!wave!height,!wave!period!and!direction!of!wave!approach.!These!studies!were!
completed!to!show!the!beach!management!the!wave!actions!at!the!shoreline!of!Plymouth!Long!
Beach!(Aubrey!Consulting,!1994a,!1994b;!Gould,!2013;!McCall,!2013).!!
After!the!modeling!was!finished,!sediment!transport!was!examined!and!there!were!two!
conclusions.!One!result!was!that!longSshore!transport!of!the!beach!was!diverging!at!a!specific!
location!on!the!beach!2Smiles!south!of!the!tip!of!PLB,!Sawyer’s!cottage.!At!this!very!point!the!
most!erosion!was!occurring!due!to!the!change!in!direction!of!transport.!Sand!was!moving!away!
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from!this!point!in!opposite!directions!causing!zero!nourishment!to!occur,!causing!this!region!to!
have!the!greatest!erosion!and!washSovers.!Second,!crossSshore!transport!was!affecting!all!areas!
of!the!barrier!beach.!CrossSshore!transport!is!accountable!for!the!extreme!seasonal!erosion!and!
nourishment!processes.!In!the!northern!region!of!the!beach,!the!underSsteepened!(flat!offshore!
water!depths)!profile!causes!the!beach!to!accumulate!sand!from!Browns!Bank.!The!southern!
part!of!the!beach!however!is!overSsteepened!(water!depths!rapidly!increase!offshore)!causing!
large!offshore!sediment!movement!(Aubrey!Consulting,!1994a,!1994b;!Berman,!2011).!
Over!the!past!several!years,!structures!on!Plymouth!Long!Beach!have!been!hindering!
the!natural!nourishment!of!the!beach.!The!most!erosion!is!occurring!at!a!point!along!the!beach!
where!there!are!two!hard!structures:!groins!and!a!revetment.!The!groins!are!currently!cutting!
off!all!long!shore!transportation!of!sediment!causing!sand!to!accumulate!on!the!north!side!of!
the!groin!field.!Therefore!any!sediment!that!accretes!on!the!north!end!of!the!groin!field!is!
eventually!pushed!out!to!sea!due!to!the!overSsteepened!seafloor!(Aubrey!Consulting,!1994a;!
Berman,!2011;!Bourne!Consulting!Engineering,!2007;!Ramsey,!et!al.,!2004).!!
Within!the!groin!fields,!no!alongshore!motion!can!occur!which!causes!an!ocean!water!
standstill.!Without!alongshore!ocean!movement,!the!offshore!waves!have!a!direct!path!to!the!
seawall,!causing!full!force!impact!perpendicular!to!the!structure.!This!action!produces!a!wave!of!
proportional!and!opposite!magnitude!that!carries!sediment!offshore!with!every!wave!(Aubrey!
Consulting,!1994a,!1994b;!Berman,!2011).!!
Due!to!the!overSsteepened!seafloor!the!waves!are!pushing!much!more!sediment!
offshore!than!onshore,!causing!a!rapid!rate!of!erosion!along!the!southern!end!of!Plymouth!Long!
Beach.!Along!with!the!intense!withdrawal!of!sediment!offshore!from!hardShitting!waves,!waves!
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in!the!past!have!created!breaches!in!the!seawall.!This!in!turn!produced!large!amounts!of!
flooding!during!large!storms,!which!resulted!in!costly!repairs!for!the!Town!of!Plymouth!(Aubrey!
Consulting,!1994a;!Berman,!2011;!Kobayashi!&!Jung,!2012).!
2.3.3!Environmental!Impact!Report!
Plymouth!Long!Beach!is!a!barrier!beach!that!serves!many!important!roles!to!the!Town!of!
Plymouth,!Massachusetts.!It!serves!as!harbor!protection!from!large!storm!waves,!a!habitat!for!
living!resources,!and!recreational!purposes.!During!the!past!two!centuries,!Plymouth!Long!
Beach!has!been!experiencing!erosion.!People!have!been!trying!to!prevent!erosion!since!the!18th!
century!with!stone!and!wooden!structures.!The!most!recent!attempts!to!protect!the!beach!
include!a!continuous!rock!revetment!with!aprons!constructed!along!the!southern!portion!of!the!
beach!and!several!groins!protecting!smaller!portions!of!the!beach.!Erosion!has!become!more!
and!more!critical!each!year,!so!the!Town!of!Plymouth!retained!Aubrey!Consulting,!Inc.!to!
perform!a!study!of!the!barrier!beach!and!to!make!recommendations!for!management!of!its!
resources.!The!study!was!completed!in!two!phases.!Phase!I!was!a!historical!review!of!the!beach!
resources!and!processes.!A!series!of!hypotheses!were!then!made!about!what!the!main!forces!
are!that!cause!erosion!of!the!barrier!beach.!Phase!II!is!a!quantitative!analysis!of!the!forces!
causing!erosion!along!with!recommendations!for!management!(Aubrey!Consulting,!1994a,!
1994b;!Berman,!2011;!Ramsey,!et!al.,!2004).!!
In!order!to!produce!an!effective!management!plan!for!Plymouth!Long!Beach,!a!careful!
study!of!the!forces!acting!on!the!barrier!beach!was!required.!Major!forces!acting!on!the!beach!
were!examined!including:!waves,!winds,!tides,!storm!surges,!and!sea!level!rise.!The!study!also!
examined!the!effects!of!manSmade!structures!that!have!already!been!implemented!on!
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Plymouth!Long!Beach!including:!the!dike,!groins,!sand!fencing,!and!nourishment!(Aubrey!
Consulting,!1994a;!O'Connell,!2008;!Ramsey,!et!al.,!2004;!Woods!Hole!Oceanographic!
Institution,!2002).!!
CrossSshore!transport!was!examined.!CrossSshore!transport!is!responsible!for!the!
seasonal!buildSup!and!erosion!of!beaches,!creating!the!summer!and!winter!beach!during!the!
appropriate!season.!The!crossSshore!transport!can!contribute!to!the!longSterm!erosion!or!
accretion!of!a!beach.!Along!the!northern!section!of!Plymouth!Long!Beach,!the!beach!profile!is!
underSsteepened!due!to!Browns!Bank.!Therefore!Browns!Bank!is!a!source!of!sand,!which!feeds!
the!beach!and!causes!it!to!accrete.!To!the!south!of!Plymouth!Long!Beach,!the!beach!is!overS
steepened!and!offshore!movement!of!sediment!is!favored!(Aubrey!Consulting,!1994a;!
Kobayashi!&!Jung,!2012;!Ramsey,!et!al.,!2004).!!
Shoreline!structures!also!affect!the!stability!of!the!beach.!The!groins!and!dikes!along!the!
southern!part!of!the!barrier!beach!slow!down!the!passage!of!sand.!Therefore,!the!structures!
have!reduced!the!natural!movement!of!sand!along!the!coast!reducing!the!stability!of!the!beach.!
The!U.S.!Army!Corps!dike!has!several!destabilizing!effects,!which!partially!offset!its!benefits!for!
shoreline!stabilization.!Because!of!the!waves,!the!near!shore!profile!has!overSsteepened!
causing!sand!loss!offshore.!Where!the!dike!ends,!the!erosion!has!accelerated,!leading!to!more!
frequent!over!wash!in!this!location!and!the!dike!has!prevented!contributions!of!sand!from!the!
backshore!to!the!beach!(Aubrey!Consulting,!1994a;!Ramsey,!et!al.,!2004).!
Browns!Bank!provides!sediment!to!the!beach!face!itself.!There!is!no!sediment!supply!
near!the!southern!half!of!the!barrier!beach,!starving!that!part!of!the!beach.!Erosion!
management!options!were!divided!into!two!categories:!shortSterm!alternatives!and!longSterm!
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alternatives.!ShortSterm!alternatives!can!help!protect!the!barrier!beach!from!normal!seasonal!
wave!and!tide!action,!but!not!from!major!storm!damage.!LongSterm!alternatives!are!required!
for!protections!of!the!resources!from!damage!during!major!storms.!Some!of!the!alternatives!
found!were!no!build,!hard!structures,!soft!structures,!and!groins.!No!build!alternative!assumes!
that!the!beach!will!continue!to!erode!and!no!further!structures!will!be!built,!only!repairs!to!
existing!structures!need!to!be!done.!Hard!structures!are!the!highest!cost!option.!They!can!also!
be!hard!to!implement,!but!they!last!the!longest.!It!is!also!easier!to!repair!existing!structures.)
Groins!are!structures!perpendicular!to!the!shore,!which!are!designed!to!interrupt!the!littoral!
drift!by!trapping!sand!on!their!up!drift!side.!The!purpose!of!groins!is!to!increase!the!width!of!a!
beach!on!a!local!scale.!This!causes!the!crossSshore!profile!to!move!seaward,!making!waves!
break!further!offshore!which!protects!back!beach!areas!(Kobayashi!&!Jung,!2012;!Ramsey,!et!
al.,!2004;!Sharp,!2012).!
At!Plymouth!Long!Beach,!an!adjustable!groin!has!been!constructed!in!the!vicinity!of!the!
beach!parking!lot!and!near!the!north!end!of!the!barrier.!It!has!caused!little!shoreline!change!
since!being!constructed!in!the!early!1970s.!The!groin!was!constructed!with!removable!panels!
between!vertical!steel!piles!to!make!the!effective!elevation!and!length!of!the!structure!variable.!
The!adjustable!groin!constructed!at!Plymouth!Long!Beach!was!part!of!a!pilot!project!to!
determine!the!applicability!of!similar!structures!along!the!barrier!beach.!The!groin!had!little!
impact!on!the!local!sediment!transport.!There!are!five!stone!groins!along!the!south!end!of!the!
barrier!beach!have!helped!maintain!the!public!beach!in!the!region!of!the!town!parking!lot.!
Beach!nourishment!has!been!required!in!this!area!to!maintain!the!beach.!Based!on!the!
adjustable!groins!and!stone!groins,!structures!used!as!standalone!shore!protection!are!not!
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effective!at!Plymouth!Long!Beach.!They!cause!too!many!negative!effects!(Department!of!Energy!
and!Environmental!Protection,!2013;!Gould,!2013;!Ramsey,!et!al.,!2004).!!
Beach!Nourishment!usually!has!a!design!life!of!between!5!and!15!years.!The!set!back!
with!beach!nourishment!is!the!relatively!short!design!life.!Also,!the!sediment!source!for!
nourishment!must!match!up!and!can!be!expensive.!Beach!nourishment!helps!to!extend!the!
shoreline,!which!protects!coastal!properties.!Beach!nourishment!combined!with!other!
structures!may!be!the!best!solution!to!erosion!problems!because!it!will!stabilize!the!shoreline!
and!extend!the!life!of!the!beach!fill!(Grady,!2013;!Ramsey,!et!al.,!2004).)
ShortSterm!recommendations!are!similar!to!those!existing!management!practices!now!
employed!by!the!Park!Division!of!the!Town!of!Plymouth.!These!practices!include:!regulating!
recreational!activities!on!the!beach!(beach!access,!driving,!boating,!hunting),!shortSterm!
measures!to!repair!dune!areas!threatened!by!extensive!storm!damage,!and!measures!to!
provide!habitat!and!nesting!areas!for!threatened!species!(Grady,!2013;!McCall,!2013).!
LongSterm!recommendations!have!also!been!developed!to!address!the!continued!
deterioration!of!the!barrier!beach!and!partial!loss!of!sediment!supply.!The!long!term!
alternatives!includes!the!following!elements:!nourishment!of!between!3,000!and!6,000!feet!of!
beach!centered!about!the!sawyer!cottage!to!protect!the!beach!and!backshore!from!erosion!and!
over!wash!and!to!provide!sediment!supply!to!maintain!down!drift!beaches,!rehabilitation!of!the!
existing!adjustable!groin!near!the!northern!third!of!the!beach!to!control!the!migration!of!sand!
towards!the!north!(and!into!the!navigation!channel),!and!dune!construction!with!vegetation.!An!
optional!element!is!repairing!the!existing!Corps!revetment,!improving!the!stability!of!the!aprons!
by!adding!filter!cloth!and!by!bringing!the!structures!to!its!design!height.!The!use!of!beach!
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nourishment!combined!with!dune!restoration!and!replanting!will!assure!a!healthy!supply!of!
sediment!to!down!drift!beaches,!allow!natural!beach!erosion!and!accretion!to!occur!as!storms!
pass!(including!natural!healing!of!over!washes!and!blow!outs!in!dunes),!and!can!prevent!
excessive!shoaling!of!navigation!channels.!This!shoaling!can!be!prevented!by!using!existing!
shore!protection!devices!(such!as!the!adjustable!groin)!and!by!raising!the!grade!of!the!barrier!
beach!to!its!former!elevation!thereby!minimizing!over!wash!of!sand!into!the!harbor!(Aubrey!
Consulting,!1994a;!Ramsey,!et!al.,!2004;!Woods!Hole!Oceanographic!Institution,!2002).!!
The!short!and!long!term!measures!will!address!the!interests!of!Commonwealth!and!
federal!environmental!laws!and!regulations!by:!permitting!natural!beach!processes!to!occur!
along!an!altered!barrier!beach,!continuing!to!provide!habitat!for!rare!and!endangered!species,!
preventing!storm!damage!and!flooding,!conserving!wildlife!habitats,!and!encouraging!and!
expanding!recreational!usage!of!areas!where!conflicting!uses!do!not!exist!(Grady,!2013;!
Ramsey,!et!al.,!2004).!!
2.4)Sponsor)Opinions)
! The!sponsor!for!this!project!is!the!Department!of!Marine!and!Environmental!Affairs!in!
Plymouth,!Massachusetts.!Mr.!David!Gould,!Director!of!the!Marine!and!Environmental!Affairs,!
and!Mrs.!Kerin!McCall,!the!Environmental!Technician!for!Plymouth!Long!Beach,!are!our!primary!
sponsor!contacts.!We!interviewed!both!of!the!primary!contacts!regarding!the!erosion!occurring!
at!Plymouth!Long!Beach.!The!information!they!provided!in!the!interviews!is!included!below.!!!
2.4.1!David!Gould!
Mr.!Gould!said!he!would!like!our!project!to!focus!on!the!southern!end!of!Plymouth!Long!
Beach.!He!stated!that!there!are!many!hazards!on!the!south!end!of!the!beach!that!need!to!be!
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considered!when!planning!a!solution.!Mr.!Gould!explained!that!the!main!road!Rt.!3A!is!the!
evacuation!road!in!case!of!disaster!at!the!nuclear!power!plant!in!Plymouth!(Gould,!2013).!!
Mr.!Gould!also!went!on!to!explain!past!plans!and!current!ideas!to!mitigate!the!erosion.!
Previously,!Plymouth!built!a!stone!revetment!and!had!to!make!repairs!to!it!after!the!2010!storm!
that!struck!the!shoreline.!Another!plan!that!was!never!implemented!due!to!an!appeal!was!
350,000S500,000!cubic!yards!of!sand!between!the!crossover!and!the!day!parking!area.!This!
would!have!slowed!the!wash!overs!that!occur!in!that!location.!Since!then,!the!private!land!on!
the!beach!side!in!front!of!the!cottages!on!PLB!has!been!dubbed!public!land.!Now!that!the!
beachfront!in!that!location!is!public!property,!the!idea!for!beach!nourishment!is!becoming!a!
greater!possibility!(Gould,!2013).!
Mr.!Gould!was!intrigued!to!hear!about!our!research!on!future!plans.!The!redirection!of!
the!mouth!of!the!Eel!River,!offshore!breakwaters!and!removal!of!the!groin!fields!in!the!
southern!end!of!the!beach,!are!all!possible!solutions.!When!speaking!about!the!Eel!River,!Mr.!
Gould!explained!that!moving!the!mouth!of!the!Eel!River!would!decrease!sediment!movement!
into!the!harbor,!which!would!decrease!the!frequency!of!dredging!the!navigation!channel.!It!
would!also!increase!nourishment!to!the!beachfront!and!start!a!natural!passage!of!fish!to!and!
from!the!ocean!and!pond!upriver.!He!went!on!to!refer!the!team!to!nearby!Harbormasters!for!
Duxbury!Beach,!a!nearby!barrier!beach!that!has!a!beach!erosion!plan!(Gould,!2013).!
Mr.!Gould!was!an!important!resource!on!the!topic!of!beach!erosion!on!Plymouth!Long!
Beach!and!many!contacts!for!the!group.!
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2.4.2!Kerin!McCall!
Kerin!McCall!stated!the!Army!Corps!has!not!done!any!work!on!the!dike!since!the!1970s.!
They!proposed!to!reconstruct!or!fix!the!dike!and!have!been!trying!to!do!so!for!decades,!but!
currently!nothing!is!progressing!with!the!dike!reconstruction.!Before!Hurricane!Katrina!the!
town!was!in!the!process!of!trying!to!get!permitted!for!the!reconstruction!of!the!dike,!but!after!
the!hurricane,!all!federal!funding!got!redirected.!Since!then!there!has!not!been!any!funding!
available!to!make!changes!to!the!beach!(Aubrey!Consulting,!1994a,!1994b;!McCall,!2013).!
The!town!of!Plymouth!has!done!some!repairs!to!the!dike!with!oversight!from!Army!
Corps!of!Engineers.!Town!staff!does!the!onSsight!construction!work.!They!recently!acquired!a!
new!excavator!and!have!dredged!the!Eel!River,!rebuilt!the!parking!lot,!and!have!done!minor!
repairs!to!the!stone!dike.!The!town!has!had!to!dredge!the!Eel!River!out!several!times!after!large!
storms.!One!area!near!day!parking,!just!beyond!Sawyer’s!Cottage,!is!extremely!vulnerable!to!a!
breach.!During!the!highest!spring!tides,!12!ft.,!water!touches!from!both!sides!(Aubrey!
Consulting,!1994a,!1994b;!McCall,!2013).!
The!town!has!done!beach!nourishment!in!the!past,!but!now!they!only!truck!sand!in!for!
road!maintenance.!When!beach!nourishment!was!used!sand!was!deposited!on!the!Town!Beach!
above!high!tide.!They!did!this!because!permitting!is!easier.!It!was!done!mostly!to!make!the!
beach!nicer,!and!it!was!not!a!significant!amount!(McCall,!2013).!
In!the!past!they!have!been!trying!to!maintain!the!hard!structures!with!limited!
nourishment!on!the!bathing!beach.!Ideally!they!would!like!to!see!accretion!on!the!beach!but!
they!do!not!see!this!due!to!the!backlash!of!energy!caused!by!the!hard!structures.!The!current!
option!is!to!keep!repairing!the!revetment,!which!has!had!two!significant!repairs!in!the!last!ten!
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years.!When!the!wall!was!first!built,!many!walls!like!it!were!also!constructed.!The!negative!
effects!were!not!yet!known.!The!revetment!was!being!undermined!so!work!was!done!to!
prevent!it.!There!was!also!a!large!hole!in!the!dike!during!the!winter!of!2009S2010!that!had!to!be!
repaired.!!There!have!been!ongoing!constant!repairs!and!the!town!does!not!know!how!long!
they!will!last,!or!how!much!money!they!will!need!to!continue!to!put!into!the!repairs.!Issues!will!
only!become!more!and!more!prevalent!(McCall,!2013).!!
Brown’s!Bank!has!increased!in!size.!The!northern!part!of!the!beach!is!protected!by!
Brown’s!Bank!and!there!is!definitely!sediment!movement!between!the!two.!The!main!problem!
is!from!the!crossover!south.!There!is!no!beach!in!front!of!the!stone!dike!or!any!natural!sediment!
sources,!only!armor.!On!the!southern!end!of!the!beach!there!is!no!new!sediment!and!no!barrier!
for!storm!protection.!Ground!Penetrating!Radar!(GPR)!looking!at!beach!migration!was!done.!It!
showed!that!the!southern!part!of!the!beach!is!migrating!westward!and!the!northern!part!is!
moving!eastward!(Aubrey!Consulting,!1994a,!1994b;!McCall,!2013).!
The!Eel!River!is!“artificially”!kept!flowing!into!the!harbor.!The!more!natural!route!is!
straight!into!Warren’s!Cove.!If!the!mouth!of!the!river!were!redirected,!some!type!of!floodgate!
would!most!likely!be!necessary!to!prevent!flooding!and!provide!as!a!barrier!during!storms.!
Properties!upstream!get!flooded!during!storms!when!debris!fills!the!river.!It!would!be!
interesting!to!see!more!saltSwater!influence!in!the!river!(McCall,!2013).!!
The!town!has!been!considering!an!offshore!reef!or!breakwater!structure!as!a!potential!
solution.!They!have!also!considered!removing!current!structures.!Currently!Plymouth!does!not!
have!a!beach!erosion!plan,!but!they!do!have!a!beach!management!plan!that!focuses!on!human!
impact!and!endangered!species!(McCall,!2013).!!
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Duxbury!Beach!is!a!beach!in!the!area,!much!like!Plymouth!Long!Beach,!that!suffers!
substantial!erosion.!Duxbury!Beach!is!a!northeastSfacing!beach!with!no!protection,!but!does!
provide!some!coverage!for!Plymouth!Long!Beach.!It!is!a!heavily!managed!beach,!and!has!had!a!
lot!of!work!done!this!past!spring.!The!Duxbury!Beach!Reservation!owns!it.!They!lease!the!beach!
to!the!town.!Duxbury!generates!more!money!from!their!beach,!with!permits!selling!for!
hundreds!of!dollars!(Grady,!2013;!McCall,!2013).!!
2.5)Possible)Solutions)to)Consider)
! After!the!team!examined!many!resources!using!the!Worcester!Polytechnic!Institute!
library!search!tools,!the!team!researched!several!possible!solutions,!utilizing!a!combination!of!
both!hard!and!soft!engineering!structures.!Even!though!not!every!idea!to!mitigate!erosion!is!
successful!as!the!next,!all!structures!were!examined!to!produce!the!best!possible!solution!to!
present!to!the!town!of!Plymouth,!MA!(Bourne!Consulting!Engineering,!2007;!Geog,!2009).!
2.5.1!Hard!Engineering!Structures!
Hard!Structures!refer!to!manSmade!structures!used!in!the!process!to!control!beach!
erosion!and!defend!against!erosive!power!of!waves!(Coral!Secondary!School,!2009).!ManSmade!
structures!do!not!only!dampen!the!beauty!of!the!beach,!but!also!have!a!negative!effect!on!the!
way!erosion!impacts!an!area.!This!is!due!to!the!hard!crashing!of!waves!during!a!storm!that!
impacts!the!wall!with!such!force.!When!the!wave!returns!to!the!ocean!it!takes!sand!with!it,!
leaving!the!area!nearest!to!the!revetment!with!little!to!no!nourishment.!Some!of!these!
structures!include!seawalls,!gabions,!groins,!and!breakwaters,!as!seen!in!Figure!18!(Aubrey!
Consulting,!1994a;!Geog,!2009).!The!one!thing!that!all!hard!structures!have!in!common!is!that!
they!all!cause!drastic!erosion!along!beaches!throughout!the!world.!Through!many!sources,!
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whether!it!is!articles,!interviews,!videos!and!educational!books,!it!has!been!documented!that!
not!a!single!hard!structure!is!worth!the!cost!if!erosion!will!increase!(Aubrey!Consulting,!1994a;!
Bidgood,!2012;!Coral!Secondary!School,!2009;!Geog,!2009;!Huminston,!2013).!There!are!certain!
effects!of!offshore!breakwaters!that!are!ideal!depending!on!the!style!of!the!beach!(Sane,!2007).!
In!this!sense!Plymouth!Long!Beach!cannot!afford!the!extra!erosion!caused!by!these!structures.!
!
Figure'18:'Effects'of'Offshore'Breakwaters'(Sane,'2007)'
! !
!
! When!examining!the!worst,!revetments!such!as!seawalls,!do!more!damage!to!the!
shoreline!than!they!help.!As!previously!stated,!seawalls!act!as!a!protector!for!the!backside!of!
the!shoreline!for!example:!roads,!buildings!and!rivers.!But!on!the!forefront!of!the!beach,!
seawalls!are!actually!deteriorating!beaches!faster!than!storm!surges!even!without!a!seawall!
(Geog,!2009;!Ohio!Coastal!Management,!2013;!Yasuhara!&!RecioSMolina,!2007).!However,!
storm!surges!coupled!with!revetments!are!compounding!the!issues,!as!shown!in!Figure!19.!
There!are!various!other!ways!to!protect!the!backside!of!the!beach!without!utilizing!seawall.!
These!different!options!actually!affect!the!beach!in!a!positive!manner;!they!are!called!soft!
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structures!(Akson,!2012;!Coral!Secondary!School,!2009;!Geog,!2009;!Ohio!Coastal!Management,!
2013;!Yang,!Wu,!Hwung,!Liou,!&!Shugan,!2010).!
!
Figure'19:'Effects'of'Seawalls.'As'shown'there'is'a'very'negative'effect'on'shorelines'when'utilizing'seawalls'(Linham).'More'
erosion'occurs'than'the'amount'it'is'protecting.'
'''
2.5.2!Soft!Engineering!Structures!
! Soft!engineering!focuses!on!management!and!planning!in!order!to!protect!both!coastal!
areas!and!local!properties.!One!way!this!is!accomplished!is!by!rerouting!individual!behaviors!
such!as!recreational!activities!and!human!interference!with!the!beach.!Other!measures!include!
constant!replenishing!of!sand!on!the!beach,!relocating!properties!in!order!to!increase!safety,!
establishing!natural!plant!barriers!and!dunes,!and!manmade!coral!reefs!(Akson,!2012;!Coral!
Secondary!School,!2009;!Geog,!2009;!Yang,!et!al.,!2010).!
! To!expand!on!these!ideas!of!soft!engineering,!the!most!prominent!of!all!the!soft!
engineering!ideas!would!be!the!manmade!coral!reef.!These!coral!reefs!are!started!when!a!large!
piece!of!steel!or!concrete!is!submerged!offshore!running!parallel!to!the!beach.!Once!these!
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materials!are!submerged,!living!organisms!begin!to!use!these!structures!as!a!growing!ground.!
Eventually!this!produces!a!near!natural!coral!reef!that!establishes!fishing!opportunities!and!
other!recreational!activities!along!with!creating!a!wave!impact!zone!offshore.!The!least!efficient!
idea!for!soft!engineering!is!the!relocation!of!nearby!properties.!When!viewing!Plymouth!Long!
Beach,!the!nearby!properties!surround!the!harbor!side!of!the!beach!along!the!entire!length.!
The!idea!to!relocate!these!properties!is!almost!impossible!when!considering!cost!and!efficiency!
(Akson,!2012;!Coral!Secondary!School,!2009;!van!Rijn,!2011;!Yang,!et!al.,!2010).!
Soft!Structures!are!designed!to!work!with!nature!by!incorporating!the!natural!dynamics!
of!the!beach!and!the!shoreline’s!mobility.!Soft!structures!have!a!limited!lifespan,!are!more!cost!
efficient,!are!reversible,!and!depend!on!their!own!characteristics!as!well!as!those!of!the!
environment.!The!efficiency!of!soft!solutions!is!evaluated!with!respect!to!the!intensity!of!
coastal!dynamic!processes!and!lifetime!performance.!Any!structure!put!in!place!whether!it!is!
hard!or!soft,!can!negatively!impact!the!surrounding!environment.!It!is!crucial!to!know!the!need!
for!protection!and!how!the!various!solutions!can!impact!the!environment.!The!difference!
between!hard!and!soft!solutions!is!not!always!obvious.!The!main!difference!between!the!two!is!
the!impact!on!natural!sedimentary!dynamics!and!equipment!reversibility.!The!impacts!are!
based!on!the!materials!used!to!build!the!structure!and!the!equipment!used!to!create!it!(Akson,!
2012).!!
There!are!many!types!of!soft!structures!such!as:!geotextile!structures,!artificial!reefs,!
hydraulic!piling,!draining!beaches,!bypassing,!and!artificial!nourishment,!which!can!all!be!seen!
in!Figures!20S27.!Geotextiles!maintain!sand!and!can!be!installed!longitudinally!along!the!
shoreline.!They!reinforce!the!strip!of!dunes!behind!the!beach.!They!are!made!up!of!permeable!
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fabric!from!synthetic!fibers!shaped!as!either!bags!or!coils.!Artificial!reefs!are!usually!set!
offshore.!They!decrease!the!wave!energy!on!the!beaches!behind!them.!They!also!slow!down!
the!long!shore!drift!and!favor!foreshore!drift,!which!limits!erosion.!They!often!react!similarly!to!
submerged!breakwaters!and!are!usually!made!of!the!same!materials!as!geotextiles.!Hydraulic!
pilings!are!wooden!rods!planted!in!the!sand.!They!are!usually!placed!perpendicular!or!parallel!
to!the!shore!stretched!for!several!meters.!They!are!also!permeable!and!allow!for!swell!to!be!
dispersed!before!breaking!onto!shore.!This!limits!sediment!transport.!A!draining!system!lowers!
the!water!deposited!by!waves!creating!a!dry!area!beneath!the!foreshore!surface!near!the!
shoreline.!Filtration!canals!are!installed!about!one!meter!below!the!surface,!which!gather!water!
and!transfer!it!to!a!well.!From!there,!a!pumping!station!sends!the!water!back!to!the!ocean.!
Bypassing!systems!try!to!reSestablish!longSshore!drift!blocking!by!artificially!bypassing!the!
sedimentary!transit!of!a!natural!or!manmade!structure!(Akson,!2012;!Kobayashi!&!Jung,!2012;!
Sorensen,!2006;!Yasuhara!&!RecioSMolina,!2007).!!
The!biggest!utilized!soft!structure!is!dune!and!artificial!nourishment.!The!purpose!of!it!is!
to!compensate!littoral!imbalance!caused!by!natural!and!human!caused!erosion!(Akson,!2012;!
Woods!Hole!Oceanographic!Institution,!2002).!The!goal!of!nourishment!is!to!feed!beaches!with!
sand,!pebbles,!gravel,!and!sedimentary!materials!through!dredging.!Sand!pileSups!are!spread!
out!evenly!throughout!the!beach!after!storms.!If!there!is!still!not!enough!sand!then!it!can!be!
imported!to!replace!the!sand!that!was!lost!during!storms.!Also,!the!planting!of!sea!grass!can!be!
implemented!to!build!up!dunes.!This!traps!much!of!the!surge!from!storms!and!can!prevent!it!
from!further!damaging!parts!of!the!beach!(Akson,!2012;!Grady,!2013;!Hafner,!2012;!Ramsey,!et!
al.,!2004).!Woody!shrubs!are!typically!placed!along!the!bottom!of!dunes,!and!sea!grass!is!
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planted!throughout!the!rest!of!the!dune.!Beach!roses!are!often!planted!in!rocky!areas!because!
they!thrive!in!that!setting!(Akson,!2012;!Grady,!2013;!Woods!Hole!Oceanographic!Institution,!
2002).!!
!
Figure'20:'Sand'Dune'Fencing.'As'scene'in'the'figure,'sand'dune'fences'accrete'sand'behind'them'to'decrease'the'amount'of'
erosion'that'is'occurring'(Wallingford,'2000).'Also,'as'scene'in'the'figure,'the'walkway'to'the'beach'from'the'far'side'of'the'dune'
is'not'straight'in'order'to'cure'the'wind'erosion'issues.'
!
!
!
Figure'21:'Geotextile'Structure'(Akson,'2012)'
!
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!
Figure'22:'Artificial'Reefs'(Akson,'2012)'
!
!
Figure'23:'Hydraulic'Piling'(Akson,'2012)'
!
!
!
Figure'24:''Draining'Beaches'(Akson,'2012)'
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!
Figure'25:'ByLpassing'(Akson,'2012)'
!
!
!
Figure'26:'Beach'Nourishment,'sea'grass'is'planted'approximately'3'feet'apart'so'it'can'grow'and'leaves'enough'room'for'
endangered'birds'to'build'their'habitat'(Akson,'2012)'
!
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!
Figure'27:'Beach'Nourishment,'construction'equipment'is'used'to'move'large'piles'of'sand'on'the'beach'to'create'dunes'to'block'
waves'during'storms'(Akson,'2012)'
!
2.5.3!Solution!Matrix!
! When!very!important!decisions!need!to!be!made,!one!way!to!organize!all!of!the!
possibilities!for!the!goal!statement!is!to!create!a!matrix.!Below!is!a!matrix!that!states!a!variety!
of!erosion!solutions.!Within!this!matrix!are!the!solution!descriptions!along!and!the!advantages!
and!disadvantages!that!have!been!collaborated!throughout!research.!When!funneling!ideas!
into!a!main!solution!this!was!a!clearScut!visualization!that!can!summarize!the!possibilities!at!
hand.!
!
!
! !
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Table!1:!Hard!and!Soft:!Shows!the!description,!advantages!and!disadvantages!of!hard!structures!and!management!plans!(Akson,!
2012;!Coral!Secondary!School,!2009;!Geog,!2009;!Grady,!2013;!Hafner,!2012;!Woods!Hole!Oceanographic!Institution,!2002).!
'
!
!
! !
Type!of!Structure! Description! Advantage! Disadvantage!
!
Geotextiles!
Synthetic!fibers!shaped!
as!bags!or!coils!and!
filled!with!sand!and!
water!
More!visually!appealing!than!
rock!structures,!quickly!built,!
low!cost,!ecosystem!friendly!
Disrupts!flow!of!sediment!like!
hard!structures,!can!lead!to!
pollution.!
Artificial!Reefs! Materials!submerged!
offshore!that!act!as!a!
coral!reef,!usually!
composed!of!steel,!sand!
or!concrete!blocks!!
Acts!as!a!submerged!
offshore!breakwater,!creates!
an!organism!habitat,!
increases!fishing!
opportunities,!do!not!distort!
beach!landscape!!
Depending!on!the!tidal!ranges!
these!can!be!seen!at!low!tide!
unless!coastline!is!in!a!bay!or!on!a!
microStidal!coast!
Artificial!nourishment! Depositing!sand!back!
onto!erodes!beaches!in!
order!to!compensate!for!
the!lost!material!
Widens!the!shoreline,!does!
not!harm!neighboring!
beaches,!can!increase!beach!
slope,!low!landscape!impact!
Transportation!of!material!to!the!
beach!can!be!difficult,!high!cost!
Vegetation! Planting!vegetation!at!
the!base!and!over!sand!
dunes!to!break!wind!
Used!with!dunes!to!connect!
them!to!ground!water!
soaking!the!sand!and!
compacting!the!dune,!less!
costly!than!other!ideas!
Can!increase!the!depth!of!the!
seafloor!
Relocating!properties! Moving!of!homes!and!
manSmade!structures!
Allows!the!beach!to!flow!and!
grow!
Costly,!depends!on!the!property!
owners,!impractical!for!PLB!
location!
Dunes! Mounds!of!sand!used!to!
replenish!the!beach!and!
to!protect!the!mainland!
Less!costly,!visually!
appealing,!provides!
protection!
Vegetation!must!be!present!in!
order!to!maintain!the!stance!of!
the!dune!
Revetments! ManSmade!structures!
that!run!parallel!to!
shoreline!that!protects!
the!mainland!using!rock!
or!concrete!
Protects!the!mainland! Not!visually!appealing,!safety!
hazard,!causes!majority!of!beach!
erosion,!costly!to!construct!and!
maintain!
Groins! ManSmade!structures!
that!run!perpendicular!
to!the!shoreline!jetting!
out!into!the!water!
Builds!sediment!deposits! Not!visually!appealing,!safety!
hazard,!causes!beach!erosion,!
disrupts!alongshore!sediment!
movement,!costly!to!construct!
and!maintain,!!
Offshore!Breakwaters! ManSmade!structures!
constructed!to!break!
waves!farther!off!shore!
to!slow!down!erosion!!
Slows!erosion,!weakens!
wave!impact,!creates!sand!
deposits,!does!not!have!to!
be!visual!from!the!shore!
Costly!to!construct!and!maintain,!
hard!to!maintain,!erodes!areas!on!
the!end!of!the!structure,!creates!
ocean!floor!erosion!on!the!coast!
side!of!the!structure!
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2.5.4!Importance!of!Action!
! When!looking!at!storm!patterns!from!1985!to!present,!storms!are!becoming!larger!and!
stronger!(Carolina!Dunes!Association,!2011).!!With!this!being!said,!the!seriousness!of!the!matter!
of!beach!erosion!is!growing!on!the!east!coast!especially.!Increasing!size,!frequency!and!strength!
of!storms,!specifically!tropical!storms!and!hurricanes,!are!directly!correlated!to!the!greenhouse!
gas!effect!that!has!raised!the!sea!surface!temperature!(Carolina!Dunes!Association,!2011).!As!
sea!temperatures!increase!by!1!degree!Celsius!wind!speeds!will!rise!by!1S8%!and!rainfall!will!
increase!by!6S18%!(Carolina!Dunes!Association,!2011).!When!this!occurs!sea!levels!with!rise!
causing!the!storm!surges!becoming!more!frequent!and!stronger!as!the!years!go!on.!Therefore,!
if!a!solution!to!beach!erosion!is!implemented!it!will!increase!the!safety!when!stronger!storms!
target!the!East!Coast!(Aubrey!Consulting,!1994a,!1994b;!Berman,!2011;!Carolina!Dunes!
Association,!2011;!Kuhn,!2013;!Leatherman!&!Zaremba,!1986).!
! !
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3.0!Methodology!
The!goal!of!this!project!was!to!deliver!a!plan!to!mitigate!erosion!at!Plymouth!Long!Beach!
to!our!sponsors,!David!Gould!and!Kerin!McCall.!To!assist!in!reaching!this!result!Duxbury!Beach!
was!studied!as!an!example.!As!discussed!in!the!background,!Duxbury!Beach!is!very!similar!to!
Plymouth!Long!Beach!both!in!location!and!orientation.!Duxbury!Beach!also!has!a!history!of!
erosion!and!their!staff!has!taken!several!measures!to!mitigate!erosion.!Based!on!the!
background!research!the!team!had!already!done,!we!decided!to!focus!on!the!issues!of!terrain,!
maintenance,!and!beach!usage.!
3.1)Terrain)
Terrain!includes!the!shape,!size,!orientation,!grain!size,!and!location!of!the!beach.!This!
information!is!important!because!it!affects!erosion,!maintenance,!and!beach!usage.!Terrain!also!
affects!any!construction!that!may!take!place.!These!factors!helped!the!team!to!construct!and!
design!a!model!to!prevent!erosion.!!To!gather!this!information!the!team!visited!both!Plymouth!
and!Duxbury!beaches.!The!team!took!notes!on!grain!size,!and!locations!of!specific!terrain!
features!as!they!toured!the!beach.!The!team!also!took!photos!and!videos!of!specific!terrain!
features,!different!grain!sizes,!and!where!these!specific!grain!sizes!were!used.!Google!Maps!and!
a!rangefinder!were!used!as!resources!to!further!grasp!the!layout!of!the!beach,!including!shape,!
size,!location!and!orientation.!
3.2)Maintenance)
Maintenance!is!considered!any!construction!or!work!that!occurs!on!the!beach.!!This!is!
important!in!order!to!prevent!beach!erosion.!Any!structure!on!the!beach!used!to!mitigate!
erosion!will!need!to!be!maintained.!In!order!to!keep!any!beach!properly!groomed!it!is!
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important!to!keep!it!maintained!throughout!the!year!so!that!it!can!be!enjoyed!by!people!and!
wildlife.!The!team!visited!both!beaches!regularly!to!observe!maintenance!activity!from!
September!2013!–!January!2014.!We!recorded!and!took!notes!on!all!construction!activities,!
specifically!the!moving!of!the!road,!construction!of!the!new!dune,!and!newly!planted!
vegetation.!We!conferred!with!the!manager!at!Duxbury!Beach!throughout!the!construction!of!
the!new!dune!and!roadway.!We!documented!this!process!through!pictures!and!videos!of!the!
road!and!dune!construction,!and!newly!planted!vegetation.!We!conducted!interviews!with!the!
manager,!along!with!the!onsite!engineer,!throughout!the!construction!process!and!gathered!
construction!documents!regarding!the!new!sacrificial!dune.!The!team!also!visited!Plymouth!
after!a!nor’easter!and!documented!the!damage!that!had!taken!place!using!photographs!and!
video.!Furthermore,!the!team!interviewed!and!took!photographs!of!town!workers!maintaining!
the!Eel!River.!The!team!planned!to!experiment!with!different!types!of!vegetation!on!Plymouth!
Long!Beach!to!document!the!success!rate!of!different!vegetation.!Refer!to!Chapter!5.4!for!more!
details!regarding!project!challenges.!!
3.3)Beach)Usage)
Beach!usage!is!the!activities!and!interactions!of!the!population,!both!human!and!
wildlife,!with!the!beach.!This!is!an!important!factor!when!dealing!with!the!planning!of!
construction!and!maintenance.!It!is!also!important!in!the!design!of!any!structures!that!prevent!
erosion.!The!team!visited!both!beaches!and!took!notes!on!beach!usage.!Pictures,!and!videos!
were!taken!to!reflect!housing,!population,!and!activities!that!take!place!on!the!beaches.!The!
sponsors,!along!with!the!manager!of!Duxbury!Beach,!were!interviewed!to!gain!pertinent!
information!on!the!categories!listed!above.!!
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After!completing!the!above!steps,!the!team!gathered!a!substantial!amount!of!
information.!The!team!observed!Duxbury!Beach!as!an!example!and!utilized!these!findings!to!
focus!on!Plymouth.!The!findings!will!be!a!key!factor!in!deciding!the!best!possible!solution!for!
Plymouth!Long!Beach.!
To!stay!organized!and!on!track,!the!team!developed!a!fifteenSstep!process!that!was!
completed.!This!fifteenSstep!process!included!a!detailed!description!of!the!exact!steps!the!team!
used,!as!seen!in!table!1!of!the!appendix.!The!team!also!set!a!goal!for!the!time!frame!for!when!
these!steps!were!going!to!be!completed!over!the!twentySone!week!period,!as!seen!in!figure!28.!
This!helped!the!team!to!successfully!manage!the!project!and!stay!organized!throughout!the!
process.!!
!
Figure'28:'Methodology'Time'Frame'
) )
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4.0)Results))
The!data!collected!was!organized!into!issues!that!were!originally!found:!terrain,!
maintenance!and!beach!usage.!!Each!issue!will!be!discussed!and!the!solutions!to!these!issues!
will!be!compared!between!Duxbury!and!Plymouth!Long!Beach.!The!application!and!affect!that!
these!solutions!will!have!on!Plymouth!Long!Beach!will!also!be!discussed.!!
4.1)Terrain)
As!stated!previously,!terrain!includes!the!shape,!size,!orientation,!grain!size,!and!
location!of!the!beach.!Terrain!has!a!large!effect!on!erosion.!!
4.1.1!Plymouth!Long!Beach!!
With!respect!to!the!size!of!the!beach,!we!noted!it!is!approximately!three!miles!long!and!
the!entrance!is!on!Route!3A!in!Plymouth,!MA.!The!terrain!consists!of!one!long!beach,!
revetments,!groins,!and!the!Eel!River,!which!runs!along!the!left!side!of!the!beach!between!
Route!3A!and!the!beach.!The!beach!road!and!parking!lot!consists!of!sand,!gravel,!and!pavement!
near!Sandy’s,!a!food!shack!in!the!beach!parking!lot.!There!are!various!beach!shacks!at!
designated!checkpoints!along!the!beach!road.!There!is!a!seawall!extending!along!the!beach!
parking!lot!throughout!Warren’s!Cove,!continuing!past!local!businesses.!From!Warren’s!Cove!
until!Sandy’s!there!were!large!boulders!in!front!of!the!seawall!for!added!protection.!Warren’s!
Cove!is!extremely!rocky!and!the!beach!is!less!than!ideal.!!
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4.1.2!Duxbury!Beach!
Duxbury!Beach!is!completely!engineered,!but!made!to!appear!natural.!There!is!a!road!
parallel!to!the!beach!that!extends!to!the!end!of!the!beach.!They!use!a!variety!of!grain!sizes!
along!the!beach!to!help!prevent!erosion.!For!example,!in!areas!where!there!is!not!as!much!
dune!coverage,!they!use!larger!grains!like!cobblestone.!The!paths!to!the!beach!are!also!
engineered!in!a!zigzag!formation!to!prevent!wind!from!whipping!through!them,!causing!further!
erosion.!Grain!size!is!extremely!variable!on!the!beach!and!it!is!still!an!ongoing!experiment.!
There!is!cobblestone!on!some!sections!of!the!beach,!towards!the!southern!end,!especially!near!
the!sand!fencing.!They!prefer!oval!shaped!cobblestones!as!it!cuts!down!on!sediment!transport!
as!opposed!to!rounder!cobblestones.!During!a!large!storm,!these!cobblestones!can!still!be!
thrown!across!the!beach.!With!respect!to!sediment!size,!they!prefer!a!larger!grain!size!when!
getting!sand!as!opposed!to!a!smaller!grain!size.!This!is!because!the!larger!sediment!is!less!prone!
to!sediment!transport.!
4.1.3!Implications!for!Plymouth!
There!is!leeway!with!grain!size,!as!throughout!any!beach!there!are!sediments!of!various!
sizes.!For!this!reason!larger!grain!sizes!should!be!used!because!it!is!harder!to!relocate!through!
erosion.!Cobblestones!of!a!more!oblong!shape!are!also!harder!to!relocate,!as!they!do!not!roll!as!
easily.!There!are!also!different!types!of!sand!that!can!be!used.!Two!specific!types!used!on!
Duxbury!Beach!are!white!beach!sand!and!yellow!construction!sand.!White!beach!sand!is!a!
natural!covering!that!is!recommended!for!the!endangered!birds!and!is!also!more!aesthetically!
pleasing,!however!it!is!much!more!expensive!than!yellow!construction!sand.!This!can!be!applied!
to!Plymouth!Long!Beach!to!reduce!sediment!transport!and!cost.!!
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4.2)Maintenance)
As!previously!stated,!maintenance!is!considered!any!construction!or!work!that!occurs!on!
the!beach.!Maintenance!is!necessary!to!combat!erosion.!!
4.2.1!Plymouth!Long!Beach!
During!a!nor’easter!Plymouth!Long!Beach!almost!always!experiences!some!damage.!!
After!a!nor’easter!in!January!2013,!Route!3A!was!closed!due!to!flooding.!Local!law!enforcement!
was!on!both!ends!of!the!flood!zones!to!redirect!thru!traffic.!Town!employees!from!the!Sewage!
Department!dug!out!the!Eel!River.!There!was!flooding!in!the!parking!lot!along!with!rocks!that!
were!strewn!about.!After!every!substantial!storm!the!river!had!to!be!cleared.!It!took!five!days!
to!dig!out!the!Eel!River.!After!the!huge!storm!last!year,!it!took!two!weeks!to!finish!clearing!the!
river.!It!can!take!anywhere!from!three!days!to!two!weeks!to!clear!the!river!depending!on!the!
size!and!duration!of!the!storm.!The!town!employees!were!very!supportive!of!the!idea!to!move!
the!mouth!of!the!Eel!River.!One!worker!said!he!had!been!clearing!out!the!river!for!twentyStwo!
years!and!that!moving!the!mouth!of!the!Eel!River!would!save!the!town!a!significant!amount!of!
money.!There!was!also!a!significant!amount!of!storm!damage!to!Sawyer’s!Cottage.!
4.2.2!Duxbury!
Maintenance,!as!previously!stated,!is!considered!any!construction!or!work!that!occurs!
on!the!beach.!For!Duxbury,!this!is!extremely!important!as!the!beach!is!entirely!engineered.!
When!the!team!observed!Duxbury!beach!they!were!constructing!a!new!dune!and!pushing!back!
a!roadway!in!a!vulnerable!area.!!
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4.2.2.1'Dune''
The!primary!method!Duxbury!Beach!used!to!prevent!beach!erosion!is!beach!
nourishment.!Due!to!the!severe!storm!erosion!in!the!past,!sacrificial!dunes!have!been!built.!
These!dunes!have!a!gentle!seaside!slope!and!are!filled!in!with!American!Beach!Grass.!The!
purpose!of!the!slope!of!the!dunes!is!to!absorb!the!energy!of!the!waves!rather!than!the!waves!
simply!crashing!to!the!shore.!The!endangered!piping!plovers!that!inhabit!the!beach,!which!
require!a!gentle!slope!to!nest!in!also!affect!the!slope.!!
Fred!E.!Nava!is!the!construction!company!that!Duxbury!Beach!contracts!to!perform!
beach!construction.!Nava’s!operating!engineer!constructed!the!dune!to!the!specified!
measurements,!which!are!as!followed:!the!seaside!slope!of!the!dune!was!10:1!with!a!height!of!
16!feet,!then!a!16!foot!long!plateau,!and!on!the!backside,!the!slope!was!3:1!ending!at!the!beach!
road.!Sand!was!trucked!in!to!extend!the!road!and!create!the!new!dune.!Yellow!construction!
sand!was!used!to!construct!the!base!of!the!dune!and!2!inches!of!white!sand!had!been!placed!on!
top!as!a!veneer.!The!beach!manager!informed!us!that!this!decreased!the!cost,!as!yellow!sand!is!
significantly!cheaper!than!white!sand.!However,!the!white!sand!is!a!natural!beach!covering!that!
is!preferred!by!the!piping!plovers.!The!construction!company!delivering!the!material!was!a!local!
company,!P.A.!Landers.!P.!A.!Landers!also!rents!the!necessary!heavy!equipment!to!the!general!
contractor!(Fred!E.!Nava).!The!road!was!moved!back!and!new!fencing,!both!road!and!snow,!was!
put!in!place.!The!cable!used!in!the!road!fencing!was!donated!by!the!Massachusetts!Highway!
Department.!!
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4.2.2.2'Vegetation'
Vegetation!is!a!large!part!of!the!mitigation!of!erosion!at!Duxbury!Beach.!When!Duxbury!
Beach!constructed!the!new!dune,!they!planted!American!Beach!grass!and!woody!shrubs!on!the!
dune!to!prevent!erosion.!The!American!Beach!grass!was!strategically!planted!across!the!dune!
with!approximately!three!feet!between!each!cluster!of!grass.!Each!cluster!contained!
approximately!two!or!three!stalks!of!grass.!Woody!shrubs!were!planted!on!the!backside!of!the!
dunes!with!no!specific!spacing.!We!found!that!Duxbury!Beach!preferred!to!use!American!Beach!
Grass!and!Rosa!Rugosa!because!they!have!a!high!success!rate.!To!keep!this!high!successful!rate,!
they!fertilized!the!American!Beach!grass,!either!by!hand!or!helicopter,!with!a!low!nitrogen!
fertilizer.!!
4.2.3!Implications!for!Plymouth!
Decreasing!the!frequency!of!dredging!the!river!after!storms!will!in!turn!decrease!
maintenance!cost.!The!gentle!slope!of!the!dune!causes!the!waves!to!roll!up!and!then!recede,!
absorbing!most!of!the!wave!energy.!This!reduces!sediment!transport.!American!Beach!grass!
and!woody!shrubs!are!a!great!way!to!mitigate!erosion!along!with!being!aesthetically!pleasing.!
The!American!Beach!grass!is!used!to!collect!sand!during!sediment!transport.!The!woody!shrubs!
can!collect!debris!and!sediment!during!storms!when!the!American!Beach!grass!has!fallen.!
Plymouth!Long!Beach!could!apply!this!information!to!mitigate!erosion.!!!
4.3)Beach)Usage)
! As!previously!stated,!beach!usage!is!considered!the!activities!and!interactions!of!the!
population,!both!human!and!wildlife,!with!the!beach.!This!is!important!when!planning!
maintenance!for!the!beach.!!
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4.3.1!Plymouth!Long!Beach!
The!most!populated!part!of!the!beach!was!from!Warren’s!Cove!to!the!Crossover.!There!
was!a!lot!of!activity!on!the!beach.!Many!people!exercised,!walked!their!dogs,!and!drove!on!the!
beach!past!the!crossover.!There!were!cottages!along!the!left!side!of!the!beach!between!the!
town!beach!and!the!crossover.!Similar!to!Duxbury,!the!beach!was!busiest!during!summer!
months,!although!it!was!still!in!use!throughout!the!year.!
4.3.2!Duxbury!Beach!
There!are!no!houses!along!Duxbury!Beach.!Duxbury!Beach!is!privately!owned!by!a!
nonprofit!trust,!which!gives!them!more!leeway!for!construction!and!beach!management.!The!
beach!was!extremely!busy,!with!much!of!the!population!using!it!for!recreational!use!such!as!
exercise,!scenery,!fishing,!and!sunbathing.!The!beach!attracted!people!for!many!nearby!towns.!
As!with!most!beaches,!Duxbury!is!most!heavily!populated!during!the!summer!months,!with!
decreased!usage!during!the!winter!months.!The!beach!usually!has!some!type!of!activity!year!
round.!!
4.3.3!Implications!for!Plymouth!
Due!to!beach!usage,!weather!conditions,!and!endangered!species!the!construction!
season!ranges!from!September!to!May.!These!seasons!are!very!weather!dependent!due!to!the!
fact!that!the!winter!weather!can!vary!on!the!coastline.!!This!information!should!be!taken!into!
consideration!when!dealing!with!Plymouth!Long!Beach.!!
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4.4)Summary)
After!observing!the!initial!conditions!at!Plymouth!Long!Beach!and!the!current!state!of!
Duxbury!Beach,!we!feel!that!many!of!the!solutions!seen!at!Duxbury!Beach!can!be!implemented!
at!Plymouth!Long!Beach!to!mitigate!erosion.!Many!of!these!solutions!at!Duxbury!Beach!are!
reflected!in!our!recommendations!for!Plymouth!Long!Beach!in!the!next!chapter.!
! !
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5.0)Recommendations)
After!observing!Plymouth!Long!Beach!and!Duxbury!Beach,!along!with!the!research!the!
team!has!completed,!we!feel!we!have!developed!a!plan!to!successfully!mitigate!erosion!at!
Plymouth!Long!Beach.!The!recommendations!for!terrain,!maintenance!and!beach!usage!are!
seen!below.!!
5.1)Terrain)
5.1.1!Grain!Size!
To!cut!down!on!cost!and!sediment!transport,!yellow!construction!sand!should!be!used!
for!the!base!of!the!dune!with!a!twoSinch!veneer!of!white!beach!sand!on!top.!As!previously!
stated,!the!yellow!construction!sand!is!cheaper!than!white!beach!sand,!which!will!decrease!the!
cost!of!the!project.!A!larger!grain!size!should!be!used!over!a!smaller!size.!If!cobblestones!are!
uses!they!should!be!oval!or!oblong!shaped.!!
5.1.2!Location!of!Dune!
To!cut!down!on!flooding!and!erosion!the!dune!should!be!located!where!the!seawall!
currently!is.!It!should!span!the!length!of!Warren’s!Cove!from!the!southern!end!of!Plymouth’s!
property!line!to!the!end!of!the!town!parking!lot.!!
5.1.3!Location!of!Entrance!
To!potentially!reduce!flooding!of!Route!3A!during!storms,!the!beach!entrance!should!be!
moved!farther!north!along!Route!3A.!A!natural!barrier!should!also!be!constructed!where!the!
current!entrance!is!located.!This!should!be!done!in!accordance!with!the!building!regulations,!so!
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the!entrance!of!the!beach!should!not!be!within!40!feet!from!all!known!residential!property!
lines.!
5.2)Maintenance)
5.2.1!Removal!of!Seawall!and!Groin!Field!!
To!eliminate!the!negative!impacts!of!the!hard!structure,!the!seawall!that!spans!the!
length!of!Plymouth!Long!Beach!property!from!Bert’s!restaurant!property!line!to!the!far!end!of!
the!town!parking!lot,!should!be!removed.!This!is!because!the!wall!is!causing!more!erosion!to!
occur!due!to!negatively!impacting!the!natural!cycle!of!the!beach.!In!addition,!when!the!wall!is!
breached!it!results!in!extremely!costly!repairs.!!
The!groin!field!should!also!be!removed.!The!groin!field!causes!an!uneven!sediment!
deposit!in!unnecessary!locations,!resulting!in!erosion!that!negatively!impacts!the!some!of!the!
most!popular!recreational!areas!of!the!beach.!The!groin!field!takes!up!valuable!space!that!could!
be!utilized.!It!also!presents!a!potential!danger!for!beach!goers.!!!
5.2.2!Reconstruction!of!Eel!River!
To!add!a!source!of!sediment!into!Warren’s!Cove,!the!Eel!River!should!be!reconstructed.!
The!mouth!of!the!river!should!be!relocated!straight!into!the!ocean.!The!river!should!stay!as!
straight!as!possible!to!prevent!potential!riverbank!erosion.!Once!the!mouth!of!the!Eel!River!has!
been!relocated,!the!previous!riverbed!should!be!filled!in!with!the!remnants!of!the!seawall!and!
groin!field!that!were!removed.!This!should!be!in!accordance!with!Department!of!Environmental!
Protection!(DEP)!regulations.!A!flood!door!or!dam!should!be!implemented!to!prevent!flooding!
upstream!during!storms.!!
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To!prevent!erosion!the!new!reconstructed!section!of!the!Eel!River!should!have!
reinforced!banks.!A!recommendation!to!reinforce!the!riverbanks!is!to!use!cobblestones!as!a!
base!and!plant!woody!shrubs!throughout.!!
5.2.3!Reconstruction!of!Beach!Road!and!Parking!Lot!
Due!to!the!recommendation!of!the!Eel!River!reconstruction,!the!beach!road,!along!with!
the!parking!lot,!needs!to!be!moved.!A!connecting!road!between!the!new!entrance!on!Route!3A!
and!the!current!beach!road!needs!to!be!constructed.!This!should!connect!in!the!vicinity!of!
Sandy’s,!utilizing!an!“S”!shaped!roadway.!This!will!prevent!washouts,!flooding!and!cut!down!on!
driving!speeds,!increasing!safety!for!pedestrians.!!
Along!with!the!construction!of!the!new!adjoining!beach!road,!there!should!be!a!parking!
lot!built!on!the!right!side!of!the!new!beach!road.!This!will!increase!the!parking!accessibility!for!
the!town.!Refer!to!engineering!document!1.!!
5.2.4!Dune!Construction!
To!prevent!erosion,!beach!nourishment!should!be!implemented!in!the!form!of!a!sacrificial!
dune.!The!recommend!dimensions!for!the!sacrificial!dunes!are!as!followed:!
• An!overall!width!of!266!feet!!
• An!overall!height!of!16!feet!
• A!seaside!slope!of!10:1!ratio!with!a!length!160!feet!
• A!backside!slope!of!6:1!with!a!length!of!96!feet!!
• A!plateau!at!a!height!of!16!feet!and!a!length!of!10!feet!!
We!also!recommend!woody!shrubs!and!American!beach!grass!to!be!planted!on!the!new!
dune.!American!Beach!grass!should!be!planted!randomly!throughout!the!dune!in!clusters!of!
two!or!three!stalks!with!three!feet!between!each!cluster.!Woody!shrubs,!such!as!Rosa!Rugosa,!
should!be!planted!on!the!backside!of!the!dune.!If!using!Rosa!Rugosa,!they!should!be!trimmed!to!
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a!height!of!eighteen!inches.!To!prevent!dieback!from!occurring!American!Beach!grass!needs!to!
be!fertilized!using!a!low!nitrogen!fertilizer.!This!can!be!done!by!hand!or!by!helicopter.!!
5.3)Beach)Usage))
This!construction!should!take!place!between!the!months!of!September!and!May.!With!
this!being!said,!the!construction!plans!should!be!established!and!finalized!over!the!summer!
months!to!be!prepared!to!begin!construction!as!soon!as!possible.!All!regulations!concerning!
endangered!species!should!be!followed.!
With!the!fulfillment!of!our!plan,!Plymouth!Long!Beach!can!prosper!and!be!enjoyed!for!
years!to!come.!This!will!provide!the!townspeople!with!a!beautiful!beach!and!increase!
utilization,!which!in!turn!could!increase!revenue!from!permitting.!With!the!installment!of!the!
new!dunes,!Plymouth!can!potentially!increase!the!population!of!piping!plovers.!Duxbury!is!a!
great!example!because!they!have!successfully!dealt!with!these!endangered!species!and!
modified!their!construction!appropriately.!!
In!summary,!to!best!mitigate!erosion,!all!of!these!recommendations!should!be!
implemented.!These!recommendations!are!based!upon!comparisons!between!Plymouth!Long!
Beach!and!Duxbury!Beach.!However,!due!to!limitations,!it!is!understood!that!all!
recommendations!may!not!be!implemented!immediately.!!Even!though!it!is!strongly!suggested!
that!all!recommendations!be!implemented,!executing!a!few!of!the!recommendations!will!assist!
in!the!mitigation!of!erosion.!!!
5.4)Resources)
To!complete!the!recommendations!there!are!several!resources!the!town!of!Plymouth!
will!have!to!utilize.!Without!these!resources!Plymouth!will!struggle!to!complete!the!
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recommendations.!These!resources!include!funding,!materials,!general!contractors,!
construction!equipment,!volunteers!and!expertise!in!landscaping.!!
! The!major!resource!needed!to!make!this!project!a!reality!is!funding.!Whether!it!is!
through!donations,!taxes!or!grants,!the!project!cannot!move!forward!without!it.!General!
Contractors!are!needed!for!construction.!Without!the!general!contractors!and!construction!
equipment,!the!project!will!never!be!completed.!General!contractors!complete!the!main!
construction!for!the!project!and!make!it!flow!smoothly.!The!town!will!also!need!to!call!upon!
local!volunteers!from!the!town!who!are!willing!to!help!the!beach.!Volunteers!will!make!the!
labor!and!workload!lighter.!A!greater!number!of!volunteers!helping!to!plant!vegetation!and!
erect!fencing!will!help!the!project!be!completed!sooner.!We!recommend!establishing!an!
organization!consisting!of!volunteers!to!support!Plymouth!Long!Beach.!This!can!be!utilized!in!
planting,!fundraising,!and!promoting!awareness!about!erosion!at!Plymouth!Long!Beach.!!
! The!resources!are!a!substantial!part!in!the!completion!of!the!project.!Some!resources!
are!more!significant!than!others,!but!all!are!necessary!to!complete!the!project!successfully.!!!
5.5)Project)Challenges))
Property!lines,!funding,!and!permitting!limit!these!recommendations.!These!limitations!
are!obstacle!that!we!as!a!team!could!not!overcome.!This!was!due!to!our!position!in!the!project.!
Having!limited!access!to!these!documents!and!resources,!the!team!did!not!take!them!into!
account.!!The!team!feels!that!the!time!frame!was!limiting!because!we!would!have!liked!to!
experiment!with!plants,!but!could!not!successfully!do!it!due!to!weather.!Other!than!planting,!
we!felt!that!the!time!frame!was!ideal!because!the!team!got!to!see!the!worst!erosion!cycle!
during!the!winter.!
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5.5.1!Property!Lines!and!Permitting!
Town!property!lines!are!a!large!limitation!when!dealing!with!construction.!The!property!
lines!were!viewed!utilizing!Google!Maps!and!satellite!imagery.!The!team!tried!to!take!them!into!
account!as!best!they!could!when!planning!for!the!construction.!It!was!also!difficult!for!the!team!
to!take!permits!and!regulations!into!account.!The!team!focused!on!creating!the!best!solution!to!
mitigate!erosion!on!Plymouth!Long!Beach,!and!specifics!regarding!permits!and!regulations!were!
not!considered.!All!permits!and!regulations!should!be!attained!before!the!start!of!construction.!
Property!lines!surrounding!Plymouth!Long!Beach!are!showed!below!in!Figure!29.!!
!
Figure'29:'Property'Line'
5.5.2!Funding!!
This!plan!is!going!to!need!to!be!funded!to!make!it!a!reality,!whether!it!is!through!the!
town!or!federally.!Our!team!did!not!take!funding!into!account,!as!we!were!focused!on!providing!
the!ideal!solution!to!mitigate!the!erosion!that!is!occurring!at!Plymouth!Long!Beach.!
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5.5.3!Vegetation!Experimentation!!
The!team!contacted!David!Gould!and!Kerin!McCall!regarding!the!possibility!of!
conducting!a!series!of!vegetation!experiments!on!Plymouth!Long!Beach.!They!said!this!was!a!
possibility,!however!there!would!have!to!be!special!considerations!for!the!endangered!species!
on!the!beach.!We!explained!to!them!that!the!vegetation!actually!helps!the!endangered!species!
and!they!use!these!beds!of!vegetation!to!nest!in.!Therefore!the!idea!of!experimenting!with!
vegetation!actually!would!not!affect!these!endangered!species!if!planted!during!the!
construction!season.!However,!due!to!the!timeframe!and!weather!conditions!we!were!unable!
to!plant.!There!was!a!premature!frost!and!we!would!not!have!been!able!to!get!the!plants!in!the!
ground!during!the!ideal!planting!season,!therefore!this!idea!was!postponed.!We!would!like!to!
see!this!idea!completed!in!the!future,!during!the!ideal!planting!months.!!
5.6)Limitations))
This!project!is!not!applicable!to!all!beaches.!Based!on!this,!not!all!projects!will!have!the!
same!recommendations.!The!results!and!recommendations!that!we!found!are!limited!to!our!
example!of!Duxbury!Beach!and!our!research!of!Plymouth!Long!Beach.!One!of!the!largest!
limitations!the!team!faced!was!the!time!frame!of!the!project.!We!were!only!able!to!look!at!
Plymouth!Long!Beach!during!the!fall!and!winter!months,!which!included!only!two!months!of!
warmer,!dry!weather.!This!limited!our!data!collection!and!physical!knowledge!because!the!
weather!was!changing.!The!team!was!also!able!to!see!Duxbury!Beach!at!a!time!when!it!was!
thriving,!however!we!do!not!know!the!circumstances!of!the!timing.!Due!to!the!short!time!frame!
of!observation,!the!team!was!unable!to!observe!the!past!or!future!maintenance!of!Duxbury!
Beach.!Duxbury!is!the!only!beach!the!team!observed!because!of!its!similarity!to!Plymouth!Long!
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Beach.!Other!beaches!in!the!area!were!not!taken!into!consideration.!However,!these!beaches!
could!be!employing!other!ways!to!mitigate!erosion!that!could!be!applied!to!Plymouth!Long!
Beach.!!
5.7)Proposed)Future)IQP))
The!future!plan!of!this!project!is!to!implement!the!plan!to!mitigate!erosion!at!Plymouth!
Long!Beach.!We!would!like!this!project!to!be!continued!with!other!WPI!IQP!groups!that!are!
interested.!We!would!like!these!teams!to!see!that!the!Department!of!Marine!and!
Environmental!Affairs!at!the!town!of!Plymouth!follows!through!with!our!recommendations.!
They!could!work!with!construction!teams,!experiment!with!planting,!and!look!further!into!
permitting!and!regulations.!
5.8)Conclusion)
The!Plymouth!Long!Beach!Erosion!IQP!project!targeted!the!causes!and!effect!of!erosion!
on!Plymouth!Long!Beach.!The!team!utilized!Duxbury!Beach!as!a!case!study!and!compared!the!
results!to!the!conditions!of!Plymouth!Long!Beach.!Recommendations!to!mitigate!erosion!were!
provided!from!researching,!observations,!analysis,!and!comparison.!We!would!like!to!see!the!
plans!implemented!and!the!recommendations!completed!in!the!near!future.!We!feel!that!with!
the!implications!of!our!project!the!beach!will!prosper!in!years!to!come.!!
! !
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Appendix!!
Appendix)A:)Glossary)
Accretion:!the!process!of!growth!or!increase!by!the!gradual!accumulation!of!additional!layers/matter!!
Aprons:!a!small!area!adjacent!to!another!larger!area/structure!including!an!extensive!deposit!of!
sediment!typically!at!the!foot!of!a!glacier!or!mountain!!!
Backshore:!the!backshore!area!of!a!beach!extends!from!the!high!water!foam!lines!to!dunes,!it!is!the!part!
of!the!beach!that!is!not!affected!by!waves!unless!there!is!an!extreme!high!tide!
Barge:!a!flatSbottomed!boat!used!to!carry!freight!!
Barrier)beach:!a!sand!ridge!that!rises!slightly!above!the!surface!of!the!sea!and!runs!roughly!parallel!to!
the!shore!from!which!it!is!separated!by!a!lagoon!!
Bayberry:!a!North!American!shrub!with!aromatic!leathery!leaves!and!waxy!berries!!
Beach)berm:!mound!of!earth,!used!as!a!barrier!!
Beach)grass:!a!perennial!grass!native!to!sandy!shores!along!the!Great!Lake!and!Atlantic!coast.!It!has!
long,!erect,!and!crowded!clusters.!It!is!typically!planted!as!a!sand!binder!to!stabilize!dunes!and!combat!
beach!erosion!!
Biogenous:!originating!from!living!things/producing!life!!
Breach:!a!gap!in!a!wall,!barrier,!or!defense!mechanism!!
Breakwater:!a!barrier!built!into!a!body!of!water!to!protect!a!coast!or!harbor!from!the!force!of!waves!!
Bulkhead:!a!dividing!wall!or!embankment!that!acts!as!a!protective!barrier!!
Channel:!a!narrow!body!of!water!that!joins!two!larger!areas!of!water!(usually!seas)!!
Crossover:!the!point!at!the!beach!in!which!you!can!cross!from!one!side!to!another!using!a!vehicle!!
Dike:!a!long!wall!or!embankment!built!to!prevent!flooding!from!the!sea!!
Down)drift:!the!direction!of!the!net!long!shore!transport!!
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Dredge:!to!clean!out!the!bed!of!a!harbor,!river,!or!body!of!water!by!scooping!out!mud,!weeds,!and!other!
rubbish!!!
Dune:!a!mound!or!ridge!of!sand!(or!loose!sediment)!formed!by!the!wind!on!the!seacoast!
Erosion:!the!gradual!destruction!of!something!by!wind,!water,!or!other!natural!agents!
Estuary:!an!arm!of!the!sea!that!extends!inland!to!meet!the!mouth!of!a!river!!!
Gabions:!a!wirework!container!filled!with!rock,!broken!concrete,!or!other!materials!used!in!the!
construction!of!dams,!retaining!walls,!etc.!!
Geomorphology:!the!study!of!the!physical!features!of!the!surface!of!the!earth!and!their!relation!to!its!
geological!structures!!
Groin:!a!small!jetty!extending!from!a!shore!to!protect!a!beach!against!erosion!!
Harbor:!an!artificial!place!near!the!coast!made!up!of!piers!or!jetties!where!vessels!find!shelter!from!
rough!waters!
Hydraulic:!operated!by!the!pressure!of!water!or!other!liquids!!
Hydrogenous:!related!to!or!containing!Hydrogen!!
Inlet:!a!small!arm!of!the!sea;!a!river,!bay,!or!cove!!
Jetty:!a!landing!stage!or!small!pier!at!which!boats!can!dock!or!be!moored!!
Lagoon:!a!stretch!of!salt!water!separated!from!the!sea!by!a!low!sandbank!or!coral!reef!
Littoral:!regions!lying!near!the!shore!!
Long)shore)transport:!long!shore!drift!consists!of!the!transportation!of!sediments!along!a!coast!at!an!
angle!to!the!shoreline,!which!is!dependent!on!wind!and!wave!direction!!!
Nourishment:!a!process,!which!sediment!that!is!lost!through!long!shore!replaces!from!drift!or!erosion!
outside!sources!
Over)wash:!the!flow!of!water!and!sediment!over!the!crest!of!the!beach!that!does!not!directly!return!to!
the!sea!!!
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Pocket)beach:!a!small!beach!between!two!headlands!!
Revetment:!a!structure!made!of!stone,!sandbags,!or!other!material!to!protect!a!wall!or!embankment!!
Rosa)Rugosa:!a!species!of!rose!native!to!eastern!Asia.!It!is!a!woody!shrub!that!grows!on!the!coast!usually!
in!sand!dunes!!
Sand)fence:!a!type!of!fence!used!to!protect!a!beach!from!winds!or!high!tides!that!cause!erosion.!They!
can!be!made!out!of!natural!material.!!!
Seaport:!a!town!or!city!with!a!harbor!for!seagoing!ships!!
Seawall:!a!wall!or!embankment!built!to!prevent!the!sea!from!eroding!an!area!of!land!
Sediment:!matter!that!settles!to!the!bottom!of!the!sea!
Shoal:!a!shallow/sandy!place!in!a!body!of!water!!
Sink:!a!basin!or!sewer,!like!a!sinkhole!!
Storm)surge:!a!rising!of!the!sea!as!a!result!of!atmospheric!pressure!changes!and!winds!associated!with!
the!storm!
Wash)over:!the!flow!of!water!and!sediment!over!the!crest!of!the!beach!that!does!not!directly!return!to!
the!water!body!where!it!originated!after!water!level!fluctuations!return!to!normal!
Wave)energy:!the!transport/capture!of!energy!from!ocean!waves!to!use!to!do!work!such!as!electricity!
generation,!water!desalination,!or!the!pumping!of!water.!!
! !
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Appendix!B:!Methodology!Steps!
1. Observe!Plymouth!Long!Beach!Prior!to!interviews!
a. Location:!Warren’s!Cove!to!Cross!Over!
b. Size:!3!miles!long!!
c. Terrain:!small!beaches,!revetment,!groins,!river,!roads,!shacks,!rocky!
d. Activity:!a!lot!of!recreational!use!(driving,!walking,!dogs)!
e. Housing:!Cottages!along!the!left!side!of!the!beach!road!between!the!town!beach!
and!the!crossover!have!reconstructed!landscape!over!the!years!from!storms!
f. Avenues!of!Approach:!Entrance!off!of!Rt.!3A!and!leads!throughout!the!left!side!of!
the!barrier!beach!until!the!crossover!where!it!transfers!to!the!shoreline!side!of!the!
barrier!beach.!Not!a!thru!road.!
!
2. Observe!Plymouth!Long!Beach!with!a!Plymouth!Long!Beach!Manager!
S Filled!us!in!on!observations!previously!documented!
S Interviewed!Kerin!McCall!who!supplied!the!area!of!concern!
S Interviewed!with!David!Gould!who!confirmed!ideas,!suggestions!and!areas!of!
concern!
!
3. Observe!Duxbury!Beach!with!Plymouth!and!Duxbury!Beach!Managers!
a. Location:!Terrain!before!Gurnet!Point!
b. Size:!7!miles!long!
c. Terrain:!Sand!Dunes,!Roads,!Parking!Lot!(only!at!the!beginning!on!beach!entrance,!
walkways!in!“zigzag”!patterns!to!reduce!wind!tunnelSlike!patterns!
!
4. View!construction!of!Sand!Dunes!on!Duxbury!Beach!!
a. Write!process!
b. Video!process!
c. Photograph!process!
!
5. View!Vegetation!on!Duxbury!Beach!
a. Photograph!
b. Video!!
c. Interview!
!
6. Experiment!with!various!types!of!vegetation!on!Plymouth!Long!Beach!
!
7. View!Duxbury’s!experimentation!results!with!various!types!of!dune!vegetation!
a. Coordinate!with!Mr.!Joe!Grady!
!
8. View!Duxbury’s!experimentation!results!with!various!types!of!grain!sizes!
a. Coordinate!with!Mr.!Joe!Grady!
!
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9. Acquire!Duxbury!Beach!sand!dune!engineering!documentation!(construction!details,!engineering!
drawings!and!plans)!
a. Coordinate!with!Mr.!Joe!Grady!
!
10. Plant!American!Beach!Grass!in!accordance!with!Mr.!Joe!Grady!
a. Plan!a!date!
b. View!process!of!planting!
!
11. Plant!Woody!Shrubs!in!accordance!with!Mr.!Joe!Grady!
a. Plan!a!date!!
b. View!process!of!planting!
!
12. Present!most!ideal!solution!for!Plymouth!Long!Beach!to!Mr.!David!Gould!and!Ms.!Kerin!McCall!in!
order!to!view!opinions!on!Duxbury!Beach!plans!and!results!
a. Propose!a!meeting!date!and!time!with!management!officials!
b. Bring!methodology!steps!and!ideal!solutions!to!meeting!
!
13. Coordinate!with!Joe!Grady!to!acquire!construction!company!information,!site!contractor!
information!and!equipment!rental!information!
a. Document!any!and!all!information!that!was!in!accordance!with!construction!
!
14. Document!Plymouth!Long!Beach!terrain!measurements!
a. Acquire!equipment!from!Plymouth!Long!Beach!
b. Acquire!construction!measuring!tapes!and!surveying!equipment!to!do!so!
!
15. Organize!the!final!proposal!with!every!bit!of!information!laid!out!in!the!specific!order!of!events!to!
occur!
a. Type!out!plan!
b. Set!a!meeting!with!advisors!for!approval!
c. Set!a!meeting!with!sponsors!for!approval!
! 82!
Appendix)C:)Plymouth)Photos))
Terrain)
!
Figure'30:'Seawall'
!
! !
Figure'31:'Seawall'
!
! !
Figure'32:'groin'
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!
Figure'33:Eel'River'
!!
Maintenance)
!
Figure'34:'Storm'Damage'
!
!! !
Figure'35:'Storm'Damage'
!
!! !
Figure'36:'Dredging'the'Eel'River'
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!! !
Figure'37:'Dredging'the'Eel'River'
!
!! !
Figure'38:'Dredging'the'Eel'River'
!
!! !
Figure'39:'Dredging'the'Eel'River'
!
!! !
Figure'40:'Dredging'the'Eel'River'
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!! !
Figure'41:'Storm'Damage'
!
'' '
Figure'42:'Storm'Damage'
! !
Figure'43:'Flooding'
!
!
) )
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Appendix)D:)Duxbury)
Terrain!
!
Figure'44:'Large'grain'size'
!
! !
Figure'45:'Large'grain'size'
!
! !
Figure'46:'Large'grain'size'
! !
Figure'47:'Sand'fencing'
!
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! !
Figure'48:'Sand'fencing'
!
! !
Figure'49:'Zigzag'sand'fencing'
!
!
Maintenance!!
! !
Figure'50:'Seaside'Dune'
!
!! !
Figure'51:'Roadside'Dune'
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!! !
Figure'52:'Woody'shrubs'
!
!! !
Figure'53:'Beach'grass'
!
!! !
Figure'54:'Beach'grass'
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!! !
Figure'55:'Woody'shrubs'at'dune'base'
!
!! !
Figure'56:'Woody'shrubs'at'dune'base'
!
!! !
Figure'57:'Woody'shrubs'at'dune'base'
!
!
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!! !
Figure'58:'Newly'planted'beach'grass'
!
!! !
Figure'59:'Newly'planted'beach'grass'
!
!! !
Figure'60:'Newly'planted'beach'grass'
!
!! !
Figure'61:'Road'construction'
!
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!! !
Figure'62:'Road'construction'
!
!! !
Figure'63:'Road'construction'
!
!! !
! !
Figure'64:'Completed'Dune'
!
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!! !
Figure'65:'Completed'Dune'
!
!! !
Figure'66:'Completed'Dune'
! !
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Appendix)E:)Maps)
!
!
Figure'67:'Beach'Comparison'
!
!
Figure'68:'Identifications'
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!
Figure'69:'Final'Recommendation'
!
